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Sets of short (12 residues) cellulose-bound synthetic 
overlapping peptides derived from the sequences of the 
variable regions of the heavy and light chains of three 
different antibodies (an anti-thyroglobulin antibody, 
the HyHEL-5 anti-lysozyme antibody, and an anti-angio- 
tensin II antibody) were used to systematically assess 
the antigen binding capacity of peptides from the anti- 
body paratope outside their natural molecular context. 
Peptides enclosing one or several of the complementar- 
ity determining region (CDR) residues had antigen 
binding activity, although the most active peptides were 
not necessarily those bearing the greatest number of 
CDR residues. Several residues from the framework re- 
gion, preceding or following the CDR, were found to 
play a role in binding. Affinity constants from 4.1 x 10"^ 
to 6.7 X 10~® for the soluble form of 9 lysozyme- 
binding dodecapeptides were measured by BIAcore 
analysis. Alanine scanning of lysozyme-binding 
hexapeptides from the HyH£L-5 sequence identified 38 
residues important for binding, of which 22 corre- 
sponded to residues that had been shown by x-ray crys- 
tallography to be at the interface between HyHEL-5 and 
lysozyme. Our results could be of interest for the ratio- 
nal identification of biologically active peptides derived 
from antibody sequences and in providing an experi- 
mental basis for mutagenesis of the antibody paratope. 



Antibody molecules bind antigens with high afBnity and 
specificity by synergistically using multiple noncovalent forces. 
The combining site (paratope), whose shape is complementary 
to the epitope on the antigen, is made up of the h5rpervariable 
regions, also called complementarity determining regions 
(CDRs)^ (1). It is commonly accepted that there are three CDRs 
in the light chain (LI, L2, and L3) and in the heavy chain (HI, 
H2, and H3). These CDRs fold into turn structures that are 
stabilized by the )3-sheet framework of the variable domains. 
The interface between antibodies and antigens has been pre- 
cisely described by x-ray crystallographic studies, and several 
complexes between Fab fragments of monoclonal antibodies 
and peptide or protein antigens have been recently described 
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(for reviews see Refs. 2-4). The structures of antibody-antigen 
complexes indicate that at least four of the CDRs, and in some 
cases all six CDRs, contribute to antigen binding (5). Residues 
in the framework have rarely been reported to participate in 
this interaction (6, 7). 

Antibody-pep tide or antibody-protein complexes are excel- 
lent model systems to study the physicochemical requirements 
for molecular recognition. Unfortunately, it is a difficult task to 
obtain crystals suitable for the structural elucidation of anti- 
body fragments in complex with proteins or peptides. There- 
fore, other approaches to obtain information about the key 
residues involved in the interaction would be very useful, in 
particular for paratope mutagenesis. Some workers have dem- 
onstrated that synthetic peptides derived from the amino acid 
sequences of CDRs bind antigens vnth specificities similar to 
those of the original antibody molecules (8-15). Such peptides 
have very often been chosen in the CDR3 of the Vjj sequence, 
which is considered to play a prominent role in defining anti- 
body reactivity. However, the capacity of synthetic peptides 
derived from the variable regions of a given antibody to bind an 
antigen has never been probed in a systematic manner, i.e. in 
assessing the antigen binding capacity of every overlapping 
peptide from the Vh and Vl sequences. 

In this study, we present the results obtained by measuring 
the ability of an antigen to bind to sets of immobilized overlap- 
ping peptides of imiform size covering the amino acid se- 
quences of the Vh and Vl domains of three different antibodies. 
The peptides were prepared by the Spot method (16), which has 
previously been successfully used to identify peptide epitopes 
recognized by anti-protein antibodies and further developed to 
map protein-protein interaction sites (17). Our results indicate 
that numerous peptides show antigen binding capacity, most of 
them exhibiting measurable affinities in BIAcore, and that 
paratope residues important for antigen recognition can be 
identified by peptide analysis. 

EXPERIME^rTAL PROCEDURES 

Antigens — ^Hen egg white lysozyme was from Sigma, and human 
thyroglobulin was from UCB-Pharma (Nanterre, Prance). Synthetic 
angiotensin II and an N- terminally biotinylated derivative were pre- 
pared as described below. 

Protein Biotinylation — 2 mg of the antigen in 2 ml of bicarbonate 
buffer (pH 8.6) were biotinylated by using a commercial reagent (Am- 
ersham RPN2202) according to the manufacturer's protocol. Biotiny- 
lated antigens were incubated with 0.1 M glycine (1 h, 37 °C) and then 
stored in phosphate-buffered saline at -20 **C. 

Amino Acid Sequences of Antibodies — ^The numbering of the amino 
acid sequences of the variable regions was that of Wu and Kabat (1). 
The amino acid sequence of the an ti -angiotensin II antibody 4D8 was 
established by sequencing the cDNAs corresponding to the heavy and 
light chains after reverse transcription of the mRNA from the 4D8 
hybridoma (18). The amino acid sequences of the anti-lysozyme anti- 
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Fig. 1. Reactivity of overlapping 
dodecapeptides derived from the se- 
quence of the anti-lysozyme antibody 
HyHEL-5 with biotinylated lysozyme. 
The membrane on which the peptides 
were synthesized was incubated with 1 
fAg/ml biotinylated lysozyme (A), 1 ^ig/ml 
biotinylated lysozyme in the presence of 
human normal serum diluted 1:50 (JB), 1 
fig/ml biotinylated lysozyme in the pres- 
ence of 0,1 mg/ml nonbiotinylated ly- 
sozyme (C), or alkaline phosphatase- 
streptavidin (1:3000) (D). 




body HyHEL-5 and the anti-human thyroglobulin TglO antibody were 
taken from the literature (19, 20). 

Peptide Syntfiesis on Cellulose Membrane — ^The general protocol has 
been described previously (21). Membranes were obtained from Abiraed 
(Langenfeld, Germany). Fmoc anoino acids and iV-hydroxybenzotriazole 
were from Novabiochem. An ASP222 robot (Abimed) was used for the 
coupling steps. All peptides were acetylated at their N terminus. After 
the peptide sequences had been assembled, the side-chain protecting 
groups were removed by trifluoroacetic acid treatment (16). 

Immunoassay with Cellulose- bound Peptides — ^The general protocol 
was the same as for epitope analysis (16) except for the use of a 
biotinylated antigen (90-inin incubation at 37 °C). After washing the 
membrane, a 1:3000 dilution of an alkaline phosphatase-streptavidin 
coiyugate (Sigma) was incubated for 30 min at room temperature. 
Binding was revealed by addition of a phosphatase substrate (5-bromo- 
4-chloro-3-indolyl phosphate-3-(4,5-dimethyl thia2ol-2-yl)-2,5-diphenyl 
tetrazolium bromide, Sigma), giving a blue precipitate on those spots 
having boimd the alkaline phosphatase-streptavidin conjugate. 

A plot of spot intensities was obtained with the NIH Image software 
after scanning the membrane as described (21). Color intensities were 
calculated with reference to a black spot taken as the maximum of a 
0-255 scale (arbitrary units). To allow the reuse of the membrane, it 
was sequentially treated by dimethylformamide, 6 m urea, and 10% 
acetic acid in ethanol so as to remove the precipitated dye and molecules 
boimd to peptides. The reactivity of each antigen was assessed in two or 
three independent experiments. 

Syntfiesis of Soluble Peptides — ^All soluble peptides were synthesized 
on an Abimed AMS 422 synthesizer by Fmoc chemistry. Except for 
angiotensin II, a spacer sequence (YKK) was added at the N terminus 
of every peptide followed by a biotin residue. Peptides were deprotected 
and released from the resin by trifluoroacetic acid treatment in the 
presence of appropriate scavengers. Peptides were lyophilized, and 
their purity was assessed by HPLC. When necessary, peptides were 
purified to greater than 90% HPLC homogeneity. 

Real Time Analysis of Peptide-Antigen Interaction by BIAcore — ^The 
BIAcore apparatus was from BIAcore (Uppsala, Sweden). All experi- 
ments were carried out at 25 °C. N-terminally biotinylated peptides (5 
p,g/ml in Hep es -buffered saline buffer) were immobilized on a strepta- 
vi din-coated sensor chip. The injection was performed at a flow rate of 
5 ^1/min. The net surface plasmon resonance signal for immobilized 
peptides was found to be about 25-30 resonEince units after completion 
of the chip regeneration cycle, which corresponds to 25-30 pg/nrni^ 
(12-15 fmoVmm^). The binding kinetics of lysozyme to immobilized 
peptides was determined by injecting lysozyme (2-4 ^jm) in Hepes- 
bufFered saline buffer (running buffer) at a flow rate of 10 ftl/min. 
Dissociation was observed in running buffer without dissociating 
agents at a flow rate of 10 ^il/min. The kinetic parameters of the binding 
reactions were determined using BIAevaluation 2.1 software (22). The 
dissociation rate (off-rate) constant was determined from a plot of 
IniRo/R) versus time, R being the surface plasmon resonance signal at 
time t; the association rate constant (on-rate) was determined from a 
plot of \ii[ehs(dR/dt)] versus time. The apparent equilibrium dissocia- 
tion constant was calculated from the kinetic constants: Kjy = kjk„, 

Aruilysis of Framework-CDR Interaction by Molecular Modeling — 



The coordinates of the HyHEL-5 -lysozyme complex (3hfl; Ref. 23) were 
used with the Insight II software to identify CDR residues in contact 
(i.e. less than 3.4 A apart) with amino acids from the framework that 
were found to be important by Spot peptide analysis. 

RESULTS 

Capacity of Peptides Derived from the Vjj and Sequences 
of Three Different Antibodies to Specifically Bind the Cognate 
Antigen — The capacity of short peptides derived from the vari- 
able regions of three different antibodies to bind the cognate 
antigen was investigated in a systematic manner. The and 
Vl amino acid sequences were presented as sets of 110 over- 
lapping dodecapeptides (2-residue frameshiffc) synthesized ac- 
cording to the Spot method (16, 21). In this method, the pep- 
tides remain attached to the cellulose membrane used for their 
synthesis, and their immiinoreactivity is probed by incubating 
the membrane with a solution containing the ligand. As an 
example, Fig. 1 shows the results obtained with peptides de- 
rived from the variable regions of HyHEL-5, an anti-lysozyme 
antibody (6). Biotinylated lysozyme (1 ^g/ml; 6 x 10~® m) bound 
to several peptides derived from the Vh and Vl sequences of 
HyHEL-5 (Fig. lA). A detailed analysis of this interaction is 
provided under "Relationships between the Sequence of Anti- 
gen-binding Peptides and CDR Location in the HyHel-5 Mod- 
el." The binding pattern was not affected by incubating the 
biotinylated lysozyme in a 50-fold dilution of normal human 
serum, i.e. in the presence of a high concentration of proteins 
unrelated to lysozyme (Fig. IB). However, when lysozyme (100 
;xg/ml) was added to the incubation mixture, binding no longer 
occurred (Fig. IC). No binding was observed with the alkaline 
phosphatase-streptavidin complex (Fig. ID) except on two con- 
trol peptides that have the HPQ sequence recognized by 
streptavidin (24). The binding of lysozyme to immobilized pep- 
tides is therefore specific. 

In the second model studied, biotinylated thjn-oglobulin (1 
/Ltg/ml; 3 X 10~^ m) was also found to bind several peptides from 
the Vh and Vl domains of the anti-thyroglobulin antibody TglO 
(25). The reactivity was observed in six regions of the mem- 
brane that broadly corresponded to peptides containing CDR 
residues (data not shown). The reactivity was abolished in the 
presence of an excess of thyroglobulin. 

In another set of experiments, the Vh and Vl domains of the 
high affmity anti-angiotensin II antibody 4D8 (Kj^ = 1.3 X 10^^ 
m; 18) were scanned by overlapping dodecapeptides, Biotiny- 
lated angiotensin II (1 /xg/ml; 1 X 10"® m) bound to peptides 
corresponding broadly to the three CDRs of Vl and to HI, 
whereas peptides corresponding to H2 and H3 showed less 
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Table I 

Sequences of the dodecapeptides derived from the and of 
antibody HyHel-5 and their reactivity with biotinylated lysozyme 
Framework residues are colored in black, and CDR residues are in 
red. Shaded areas correspond to peptides showing significant binding. 





Peptide sequence 


"CohiT intent of 






























3S<*3) 




TQS I^UUS AS PQ 






8 Pft3UX ASPQ EX 


4b**>i 










-KSAS PC&XVTKY 
















11 






1.2 • 






13 




.V IVS 1 X 4 J 


If 




341 


15 




i34(x3d> 


16 . 




12l^(Al3} 






IC5{*7) 


• 




i45fy4) 






l<fl<*7) 






4l(«>) ■ 


.31. 




.*7(*J4> 








10 




, * 


31 






23 






23 






34 






as 










75 1 14> 


77 ■ 




71 (eft) 


70 : 






29 










307 US > 






1^4 till) 




VBP SOS issoTsy 


379(»tl> 


















53(*3> 


• ■ 


^™ '■^ 






.o?sif st^rtt fisis 




* 
















^<(t4t 






32? («i> 


. 




3«d<«4) 


43 




341U3> 


■ 4> 




3&3(.t3) 




ABTTC00X3JS»;P 


343 






344(itl9> 






350 


_ 




244 (t3» 


4S 






4> 




104 (*7> 














51 






93 




34 i*!) 






44<l31 


94 


0SUCMXPQA8VX 


* 61*4 J 






i3<£4) 


i« 




44 




MJWJVm^CltAS 


49 (xl) 




ASV1C Z GCKXSQY 


(*3) 






131 


to 


;x5CKASQTma 


239 1«4) 


«i 


CKAfiCYTFfl'DirW 


«3U3» 


«3 


asc tt ffl nvKTX 




«J 




9S(»4} 


64 




aS5«r7V ] 


■«5 




333{xl0) 1 


54 






.«7 




i3?<»»J 


60 




311 U«) 




. . CWf K3 


tiG 




M(rS> 


S7 




139(ttS) 


SB 




311(0) 


(<» 






?0 






7t 




iB«(*7> 


72 




3U U4} 


71 






74 




49uai 


79 




14»U1S) 


74 




317 («3> 


77 


■cscrSTHVHrant 





TMYamttORAT «>U3) 

'T>il3EWCCI*TrT 63 ^ *<J 

«»■ owTOJUwrrAD <3<xt) 

•2 CTOSIAffrtAtfrS Mt«3) 

^ ) ou^pCAors sa 4 » { * i> 

•* KtmarrssstA 44 (*3) 

«5 rSAOT^SOTAVM V30(*14) 



intense reactivity (not shown). When biotinylated angiotensin 
II (1 ^g/ml) was incubated with 1 mg/ml angiotensin II, the 
signal markedly decreased. No cross-reactivity was observed 



Table I — continued 
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with any of the three antigens on peptides derived from unre- 
lated antibodies. All of these results showed that 12-mer pep- 
tides derived from the amino acid sequence of the and Vl 
domains of three different antibodies are capable of being spe- 
cifically recognized by their cognate antigen. 

Relationships between the Sequence of Antigen-binding Pep- 
tides and CDR Location in the HyHEL-5 Model — Table I shows 
the results of the quantitative analysis of the binding of bioti- 
nylated lysozyme to cellulose-bound peptides derived from the 
amino acid sequence of HyHEL-5, The majority of peptides 
containing only framework residues displayed no binding ac- 
tivity (peptides 3-8, 20-21, 34-39, 51-58, 84, and 86-87). 
However, several peptides (31-33, 40, 59, 68-69, 85, 88-90, 
and 92-93) that also contained only framework residues were 
reactive. The possible molecular basis for this reactivity is 
discussed under "Precise Identification of Residues Contribut- 
ing to Antigen Binding and Camparison with Contact Residues 
Defined by X-ray Crystallography". Analysis of the relation- 
ships between the amino acid sequence and the binding prop- 
erties (Table I) indicated that strong binding capacity was 
detectable when certain CDR residues were present in the 
peptide sequence. For example, the sequence VTMTC- 
SASSSVN from LI (peptide 12) had no activity, but the follow- 
ing (overlapping) sequence MTCSASSSVNYM (peptide 13) pos- 
sessed activity; therefore, the motif YM clearly contributed to 
binding. Other residues from CDRs were thus identified as 
contributors: DT from L2 at peptide 22, SD from HI at peptide 
60, and YH from H2 at peptide 75. Some residues not belonging 
to CDRs also apparently contributed to binding activity: GS at 
peptide 29, YY at peptide 40, TF at peptide 59, KQ at peptide 
64, GL at peptide 67, LT at peptide 88, and YY at peptide 92. 
Also, a decrease in the binding capacity of certain peptides 
occurred when residues from the CDRs disappeared from the 
peptide sequence, e.g. the difference in the activities of peptides 
19 and 20 could be attributed to the absence of YW in peptide 
20, The following CDR residues were thus identified: QW from 
L3 (difference in binding to peptide 47 versus 48), SD from HI 
(peptide 65 versus 66), GS from H2 (peptide 77 versus 78), and 
DF from H3 (peptide 101 versus 102). When certain residues 
not belonging to the CDR were removed from the amino acid 
sequence of a binding peptide, the antigen binding capacity was 
reduced: absence of RW in the sequence of peptide 26, of FS in 
peptide 34. of AS in peptide 63, of EW in peptide 74, and of YM 
in peptide 91. Therefore, it seems that the binding of antigen to 
cellulose-bound peptides is based on the presence in their se- 
quence of certain residues from the CDRs and in several in- 
stances of certain framework residues neighboring the CDRs. 

Precise Identification of Residues Contributing to Antigen 
Binding and Comparison with Contact Residues Defined by 
X-ray Crystallography — Alanine scanning of hexapeptides de- 
rived from each previously identified binding sequence from 
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Fig. 2. Determination of residues contributing to the binding 
of biotinylated lysozyme to sets of alanine analogs of hexapep- 
tides derived &om the Ll sequence of HyHELr5 antibody. Each 
bar represents the reactivity of the hexapeptide whose sequence com- 
prises an Ala residue in place of the indicated amino acid. Boxed letters 
indicate amino acids considered as contributors. A, alanine scanning of 
peptide SSVNYM. B, alanine scanning of peptide SVNYMY. C, alanine 
scanning of peptide VNYMYW. 

the Vh and domains of HyHEL-5 was performed to identify 
the exact residues contributing to antigen binding. The study of 
the CDR Ll region is given as a detailed example (Fig. 2; see 
legend of Fig. 3 for the amino acid numbering of the Vjj and 
sequences). Three hexapeptides (SSVNYM, SVNYMY, and 
VNYMYW) and each of their six alanine analogs were synthe- 
sized by the Spot method and tested for reactivity with bioti- 
nylated lysozyme. Replacing Ser^'^ of peptide SSVNYM by an 
alanine residue led to a fall in the antigen binding capacity, 
whereas alanine replacement of Tyr^^ led to disparition of the 
binding. Changing any of the other amino acids of the peptide 
SSVNYM did not modify the binding (Fig, 2A). For peptide 
SVNYMY, the three amino acids Asn^^, Tyr^^, and Tyr^* ap- 
peared to be important (Fig. 25). Alanine scanning of peptide 
VNYMYW indicated that only Asn^^ is important (Fig. 2C). In 
preliminary experiments, we noted that the contribution of a 
given amino acid to binding was not always the same when the 



surrounding sequence varied, probably reflecting conforma- 
tional effects. Indeed, Tyr^^ appeared to be a contributor in 
peptides SSVNYM and SVNYMY but not a contributor in pep- 
tide VNYMYW; also, the influence of Asn^^ was apparently 
more critical in sequence VNYMYW than in other sequences. 
In fact, several hexapeptides had to be analyzed to define the 
residues contributing to the binding. 

The contributing motif for the Ll region was therefore de- 
termined to be ^'S-NY-Y^^ (Fig. 3), with all four residues 
belonging to the CDR. Using the same alanine-scanning ap- 
proach, contributors were determined for each CDR region. For 
the L2 region, the motif was identified as ^®RWIYD^** (Fig, 3); 
one residue (Asp®°) belonged to the CDR, and four residues 
were from the framework sequence preceding L2. For the L3 
region, the contributing motif was ®^WGR-P-F^^ (Fig. 3). Res- 
idues Trp, Gly, Arg, and Pro were part of the CDR, Phe®® being 
in the framework. For the HI region, the contributing motif 
^''Y-FSDYW-EW^® comprised four residues (DYW-E) from the 
CDR and four residues from the framework. For the H2 region, 
the motif comprised a framework residue, Trp"**^, and six resi- 
dues in the middle of the CDR (^^S-S-NYHE®^). For the H3 
region, the motif ^^YC-HGNYDF-W^^^ j^ad five amino acids 
from the CDR (GNYDF) and four residues from the framework 
CYC-H and Trp, respectively on the N- and C-terminal sides of 
the CDR). The determination of critical residues for binding the 
antigen provided a possible explanation for the reactivity of 
certain framework sequences; for example, peptides 29-34 (Ta- 
ble I) contain an SGS sequence that is part of the CDR H2; 
peptides 68 and 69, could be reactive because of the presence of 
the LEW sequence very similar to the lEW motif of HI. The 
reactivity of peptide 88 could be due to a strong sequence 
similarity with peptides 16-18 from the Ll region (SSTAYM as 
compared with SSVNYM). Thus, a cross-reactivity phenome- 
non may explain some of the reactivities in framework pep- 
tides; however, no similar explanation for the reactivity of 
peptides 40, 59, 89-90, and 92-93 was found. 

The residues identified here as important for the binding of 
lysozyme to peptides derived from the sequence of the Vh and 
Vl domains of HyHEL-5 were then compared with the residues 
involved in antigen binding in the crystal structure of Hy- 
HEL-5 Fab-lysozyme (6, 23) (Fig. 3). For the Ll region, three 
amino acids (NY-Y) identified by peptide analysis are impli- 
cated in the crystallographic antigen-antibody interaction; 
Ser^^ was found to be a contributor in our analysis only. For the 
L2 region, only one CDR amino acid (Asp®°) was implicated by 
crystallography in the antigen-antibody complex. Alanine scan- 
ning of reactive peptides from this region pointed out the role of 
both Asp^** and of the stretch of four residues preceding it. For 
the L3 region, the ^^WGR-P®® residues of the antigen-antibody 
complex were identified by peptide analysis with, however, the 
implication of an additional residue (Phe®®). For the HI region, 
four CDR residues (DYW-E) and one framework residue (Ser^°) 
were found by crystallography to be implicated in antigen 
recognition; by alanine scanning of hexapeptides, the same five 
amino acids, ^°SDYW-E^^, were found to be contributors. How- 
ever, three other amino acids (Y-F W) outside the CDR 

seemed to be implicated in the interaction of the peptide with 
the antigen. For the H2 region, which is a 17-residue long CDR, 
seven amino acids from the CDR and one in the framework play 
a role in the antigen-antibody interaction as determined by 
x-ray crystallography. By using the Spot method, the impor- 
tance of three amino acids of the CDR (Ser^^ Ser®®, and Asn**®) 
and of the Trp"*^ residue of the framework was determined. 
Whereas the crystallographic results implicate the N-terminal 
part and the middle of the CDR, the C-terminal part of the CDR 
(motif YHE) seemed to play an important role when peptides 
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Fig. 3. Comparison of residues found to contribute to the binding of lysozyme to peptides with residues involved in the 
paratope-epitope interface in the HyHEL-5 lysozyme complex (23). CDR residues are colored in red. Residues labeled with asterisks 
correspond to residues in direct contact with lysozyme in the crystal structure. A residue was considered to be a contributor if the binding signal 
was reduced by at least 20% when it was replaced by an alanine. Ab, antibody. The complete amino acid sequences of the Vh and Vl of HyHEL-5 
are given below. CDR residues are underlined. 

VL 

1 5 10 15 20 25 29 35 40 45 50 55 60 70 75 80 85 90 94 100 105 

DIVLTQSPAIMSASPGEKVTMTC SASSSVNY MYWYQQKSGTSPKJIWIY DTSKLAS GVPVRFSGSGSGTSYSLTISSMETEDAAEYYC OOWGRNPT FGGG^ 

VH 

1 5 10 15 20 25 30 35 40 45 50 52a 55 60 65 70 75 80 82abc 85 90 95 
ZVQLQQSGAELMKPGASVKISCKASGYTFSDYWIEWVKQRPGHGLEWIGEI L PGSGSTNYHERFKG KATFTADTSSSTAYM Q LNSLTSEDSGVYYCLH- 

99 105 110 
GNYDFDG WGQGTTLTVS S 



Sequences 1 and 2 



were used. For the H3 region, the motif GNYD found by crys- 
tallography is similar to the motif found by the alanine scan- 
ning of hexapeptides. However, five amino acids, which were 
defined by spot peptide analysis as contributors, were not im- 
plicated in the HyHEL-5-lysozyme interaction as defined in the 
crystal structure. Of these five contributors, four of them be- 
longed to the fi-amework (^^YC-H®^, N-terminal to the CDR, 
and Trp^°3, C-terminal to the CDR). 

The comparison between residues (totaling 38) important for 
lysozyme binding to Vh- and VL-derived peptides and residues 
involved in HyHEL-5-lysozyme interaction permitted us to 
identify 14 of the 18 residues in direct ciystallographic contact 
with the antigen (78%) and 22 of the 32 (69%) residues that are 
either in contact or partially buried at the antigen-antibody 
interface (23) (Fig. 3), Sixteen residues that were found to be 
important in the binding of biotinylated lysozyme to peptides 
did not correspond to amino acids at the antigen-antibody 
interface. The m^ority of them (12 of 16) were framework 
residues. Table II shows that all five contributors fi-om the Vl 
framework and six of nine important residues from the Vh 
framework belong to the subset of framework residues from the 
"Vernier" zone, i.e, defined as residues that may ac^ust CDR 
structure and fine tune the fitting to antigen (26). By using the 
atomic coordinates of the HyHel-5-lysozyme complex, it was 
found that, except for Tyr^^ and Cys®^" (not in the Vernier 
zone), all the other framework residues identified as contribu- 
tors to antigen binding by peptide analysis make contacts in 
the crystal structure with at least adjacent residues from the 
CDR (Table II). Therefore, this subset of residues could con- 
tribute by giving the peptide an appropriate conformation for 



Table II 

Characterization of framework residues found to be important for 
antigen binding by peptide analysis 

reSSS'&e Contart residue from U,e adjacent CDR 



Arg^sL 


Yes 


Ala**^^ (CDR L2) 




Yes 


Leu"^ Ala^^^ (CDR L2) 


Ile*«^ 


Yes 


Tbr^^^, Ser^''^, Lys53L (CDR L2) 


Tyr^9L. 


Yes 


Asp^^S hys^^\ Leu"^ Ala^^^ (CDR L2) 




Yes 


Thr«7L Qjjj89L Pj.o95L (^JDR L3) 




Yes 


Tyr^2« (CDR Hi) 




Yes 


y^pSlH rjyy32H (QDR HI) 


Ser^o^ 


Yes 


Asp^^" (CDR HI) 


Trp36H 




ne^^, Glu3^« (CDR HI) 




Yes 


Glu^**", His^*^" (CDR H2) 






Cys«=^ 






His"" 


Yes 


G95H, N96H, FIOOH, DIOIH (CDR H3) 


Trpl03H 


Yes 


DIOIH, G102H (CDR H3) 



Ref 26. 



* Contact as defined under "Experiimental Procedures." The list of 
contacts is not exhaustive. 

antigen recognition. 

Affinity Determination of the Interaction between Peptides 
and Lysozyme by BIAcore Analysis — Based on the sequences of 
the peptides used in the Spot assay, a series of peptides derived 
from the variable regions of HyHEL-5 was synthesized by 
conventional solid phase synthesis and used in BIAcore real 
time interaction analysis (27). Fig. 4A shows a typical sensor- 
gram of the interaction of an immobihzed biotinylated peptide 
(Lyso 1) with lysozyme; the fitting of the experimental associ- 
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Fig. 4. Surface plasmon resonance 
analysis of interaction between ly- 
sozyme and peptide Lyso 1. A, sensor- 
gram for the binding of lysozyme to peptide 
Lyso 1. B, on-rate constant determination 
using a one-site model with data from A; the 
experimental and theoretical curves and the 
residiials between these two curves are over- 
laid. C, off-rate constant determination us- 
ing a one-site model with data from A; the 
experimental and theoretical curves and the 
residuals between these two curves are over- 
laid. RU, resonance units. 
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ation curve (Fig. 4B) and dissociation curve (Fig. 4C) with the 
theoretical curves indicated that a one-site interaction model 
satisfactorily described the binding. The same observations 
were made for all other measurable peptide interactions (not 
shown). Table III summarizes the results of the BIAcore study 
in which the kinetic parameters and were measured. 
Among 10 soluble peptides corresponding to sequences highly 
reactive in the Spot assay, at least one peptide from each of the 
six h3^ervariable regions of the HyHel-5 antibody was found to 
exhibit measurable binding with a Kj^ value in the 0.6-4 X 
10"*^ M range (upper part of Table III). Two other soluble 
synthetic peptides (Lyso 15 and Lyso 17) showed no measura- 
ble binding in BIAcore analysis. For Lyso 6, Lyso 10, and Lyso 
16, corresponding to peptides from the framework of HyHEL-5 
exhibiting binding activity in Spot, only Lyso 6 displayed an 
affinity constant that was similar to that measured for the 
other peptides. As expected, irrelevant peptides or peptides 
derived from sequences of faintly or noncolored spots gave no 
binding in the BIAcore assay (bottom part of Table III). These 
results indicate that several short (12 residues), linear peptides 
identified on the basis of their reactivity in the Spot format 
gave rise to interaction of sufficient energy with lysozyme to be 
analyzed by real time interaction analysis. However, there 
were some peptides reactive in the Spot assay that did not show 
measurable affinity, making it difficult to infer BIAcore behav- 
ior from the results of the Spot analysis. 

DISCUSSION 

Antigen binding occurs through molecular contacts with sev- 
eral of the spatially juxtaposed CDRs of the Vjj and domains 
of the antibody molecule (28, 29). A systematic evaluation of 
the capacity of every peptide from the Vh and Vl regions to 
bind the antigen was performed in this study to assess the 
effect of keeping the sequence information but disrupting the 
precise molecular arrangement of the paratope. It was found 
that in the case of three different antigens (angiotensin II, hen 
egg white lysozyme, and human thyroglobulin), differing con- 
siderably in their size, numerous immobilized peptides from 
the Vjj and Vl regions of the cognate antibody bind the antigen 



in a specific manner. Moreover, we have unpublished results 
showing that in the case of two other anti-protein antibodies 
the same observations could be made, arguing in favor of the 
generality of the phenomenon for anti-protein antibodies. Our 
present analysis indicates that peptides with antigen binding 
activity have one or several residues from the CDR in their 
amino acid sequence. Synthetic peptides enclosing complete 
CDRs generally displayed strong binding activity; however, 
peptides representing incomplete CDRs but including amino 
acids from sequences flanking the CDRs were also active, in- 
dicating contribution to the binding of some residues outside 
the CDR itself. It is not clear whether these residues contribute 
by directly contacting the antigen or by giving the reactive 
conformation to the peptide. We observed, however, that these 
residues often belong to the subset of framework residues that 
could modulate the conformation of the adjacent CDR (19, 26). 
It is therefore possible that the conformational state of reactive 
peptides immobilized on the cellulose membrane is very close to 
the conformation of the same sequence in the paratope. If this 
is the case, modification of a peptide residue critical for confor- 
mation would affect antigen binding in the same way that 
mutation of the corresponding ft*amework residue would affect 
binding by altering CDR conformation. It was observed that 
some peptides including only framework residues do specifi- 
cally bind to the antigen; this is possibly due in certain cases to 
occurrence in the framework sequence of similarities with the 
motifs contributing to antigen binding. It has been shown that 
a sequence homology of three residues in a peptide is sufficient 
to give rise to antigenic cross-reactivity (30). However, in sev- 
eral instances there is no obvious homology so that the chem- 
ical or structural basis for this reactivity remains to be 
assessed. 

Binding of nine of thirteen sjnithetic peptides corresponding 
to those active in the Spot assay was observed by BIAcore real 
time interaction analysis. The dissociation constants of the 
interaction between soluble peptides and lysozyme in the 70- 
400 nM range are only 2 or 3 orders of magnitude higher than 
the of the reaction between the whole antibody and ly- 
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Tabue III 

Determination of the binding kinetics of the interaction between lysozyme and biotinylated 
peptides derived from the and sequences ofHyHel-5 



Name of the 
peptide 


Peptide sequence 


Color intensity" 


Coire sponding 
antibody region 




*d 


Kd 










10* 8~' 


10'^ 8~' 




Lyso 1 


Biot-Sp-CSASSSVNYMYW 


192 


CDR LI 


3.22 


3.84 


1.19 


Lyso 3 


Biot-Sp-SGTSPKRWIYDT 


201 


CDR L2 


5.78 


3.89 


0.673 


Lyso 4 


Bi nt-Sn-R WT YDT <? KT .a 


1 71 


pnp T o 
y^utx Li/, 




6.27 


0.857 


Lyso 7 


x3ioL-op- 1 i^yy vinjKXMr' 1 r 


1 fin 


L-UrC JLjo 


2.33 


3.37 


1.45 


Lyso 8 


Bi nt-Sn-r*K A<5 nVT P" cjn YM 


1Q7 


L'iJrv ilj. 


1.10 


4.54 


4.12 


Lyso 9 


Biot-Sn-TPC'nYWTPMWn 


1Q1 


pno til 
L/Ulv xli 


L33 


3.70 


2.78 




Rirtf -Gi-i - PDI^Ur'T T?MTr''C'T 
OlUl'Op KfVjfUjijCjVVHjEiX 




LUii rl2 


1.99 


3.19 


1.60 


T-VBfl 1ft 


Ri nf -Qn-nT .U(^MVn cnnMr' 






2.69 


3.67 


1.36 


T .V5n 1 

■LJJfOKJ 


Ri nt-Sn-T .P(^<!rtC!TKrvU'P'P 
UlUL-Qp-XJirVJOVjO IW Xfli!iK 


1 Qt^ 




NM* 


NM 


NM 


Lyso 17 






LrUK rid 


NM 


NM 


NM 


Lyso 6 


Biot-Sp-SSMETEDAAEYY 


209 


FRW 


4.85 


7.39 


1.52 


Lyso 10 


Biot-Sp-WVKQRPGHGLEW 


182 


FRW 


NM 


NM 


NM 


Lyso 16 


Biot-Sp-NSLTSEDSGVYY 


220 


FRW 


NM 


NM 


NM 


Lyso 2 


Biot-Sp-S S VNYMYWYQQK 


84 


CDR LI 


NM 


NM 


NM 


Lyso 5 


Biot-Sp-IYDTSKLASGVP 


35 


CDR L2 


NM 


NM 


NM 


Lyso 12 


Biot-Sp-EW I GE I L PGSGS 


57 


CDR H2 


NM 


NM 


NM 


Lyso 13 


Biot-Sp-IGEILPGSGSTN 


40 


CDR H2 


NM 


NM 


NM 


Lyso 14 


Biot-Sp-EI LPGSGSTNYH 


77 


CDR H2 


NM 


NM 


NM 


Lyso 19 


Biot-Sp-LQQSGAELMKPG 


32 


FRW 


NM 


NM 


NM 


Lyso 20 


Biot-Sp-GKAT FTADTS S S 


35 


FRW 


NM 


NM 


NM 




Biot-Sp-Angiotensinll 


ND 


IRREL. 


NM 


NM 


NM 




Biot-Sp-GAD-peptide 


ND 


IRREL. 


NM 


NM 


NM 



° The color intensities of the spots were measxired after incubation of the membrane with biotinylated lysosyme at 0.1 /j.g/ml. ND, not determined. 
* NM, not measurable. 



sozyme (31). The kinetics of binding were characterized by 
rapid dissociation rates, probably due to a small number of 
interactions between the peptide and the antigen. To improve 
the binding capacity of such peptides derived from antibody 
sequences, it is suggested that cyclization could be useful in 
locking an active conformer (14, 32). Four peptides that were 
active in the Spot assay did not give measurable affinities in 
the BIAcore analysis, indicating that detection of antigen bind- 
ing could be facilitated by the high density of peptides at the 
surface of the paper (about 3-11 nmol/mm^; Ref. 16), which is 
not the case in the BLAcore format where the peptide density is 
as low as 10 finol/mm^. 

The identification of short amino acid sequences recognized 
by peptide/protein antigens may have important applications 
for the screening of bioactive peptides based upon antibody 
sequences (11) in the current trend to redefine the minimal 
antigen-binding fragment (33) with the intention of preparing 
mini antibodies (34). Our systematic approach provides a way 
to select, on an experimental basis, peptide sequences with 
antigen binding activity. The results indicate that such se- 
quences do not always correspond to peptides containing only 
CDR residues; in fact, residues from the framework were here 
found to play a critical role in the activity of CDR-based pep- 
tides, extending previous observations (13). Several residues 
that were found to contribute to peptide-lysozyme interaction 
were not residues located at the paratope-epitope interface 
defined by x-ray crystallography. They. were mainly aromatic 
residues, suggesting that this type of residue plays a particular 
role in the efficiency of the interaction mechanisms. The role of 
tyrosine or phenylalanine residues in increasing the binding 
properties of cyclic peptides based on a CDR-like sequence of 
the CD4 molecule has been noticed (14, 15). 

The identification of residues contributing to the binding of 
the antigen to peptides was performed in the HyHEL-5 anti- 
body model for which detailed three-dimensional information 
on the interface between the antibody paratope and the anti- 
genic protein is available (6, 23). Our identification was made 
in a blind manner and further compared with the results of 



x-ray crystallography. 22 of the residues determined as impor- 
tant in peptides for binding biotinylated lysozjnme belonged to 
the set of 32 residues in contact with the antigen or buried in 
the paratope-epitope interface (6, 23), indicating that the bind- 
ing that was observed with short peptides was consistent with 
the binding of the antigen to the whole antibody. The capacity 
of the method we used here to pinpoint residues potentially 
involved in the antigen-antibody interface could be valuable for 
the design of experiments aimed at mutating antibody-binding 
sites; in this context, not knowing exactly whether residues 
identified as important play a structural or functional role 
would not be detrimental. We suggest that peptide analysis 
conjugated with powerful binding site topography prediction 
methods (35, 36) could be a valuable strategy for antibody 
engineering. 
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The monoclonal antibody (mAb) ST40, specific for the 
immunoglobulin complementarity-determining region 
(CDR) 3-like loop in domain 1 of the CD4 molecule, in- 
hibits human immunodeficiency virus type 1 (HIV-1) 
promoter activity and viral transcription in HIV-in- 
fected cells. To design synthetic peptides from the ST40 
paratope that could mimic these biological properties, a 
set of 220 overlapping 12-mer peptides frameshifted by 
one residue, corresponding to the deduced ST40 amino 
acid sequence, was synthesized by the Spot method and 
tested for binding to recombinant soluble CD4 antigen. 
Several peptides that included in their sequences amino 
acids from the CDRs of the antibody and framework 
residues flanking the CDRs were found to bind soluble 
CD4. Eleven paratope-derived peptides (termed CMl- 
CMll) were synthesized in a cyclic and soluble form. All 
the synthetic peptides showed CD4 binding capacity 
with affinities ranging from 1.6 to 86.4 um. Moreover, 
peptides CM2, CM6, CM7, CM9, and CMll were able to 
bind a cyclic peptide corresponding to the CDR3-like 
loop in domain 1 of CD4 (amino acids 81-92 of CD4). 
Peptide CM9 from the light chain variable region of mAb 
ST40 and, to a lesser extent, peptides CM2 and CMll 
were able to inhibit HIV-1 promoter long terminal re- 
peat-driven J3-galactosidase gene expression in the HeLa 
P4 HTV-l long terminal repeat ^-galactosidase indicator 
cell line infected with HIV-1. The binding of mAb ST40 to 
CD4 was also efRciently displaced by peptides CM2, 
CM9, and CMll. Our results indicate that the informa- 
tion gained from a systematic exploration of the antigen 
binding capacity of synthetic peptides from immuno- 
globulin variable sequences can lead to the identifica- 
tion of bioactive paratope-derived peptides of potential 
pharmacological interest. 



The CD4 molecule is a transmembrane glycoprotein (58 kDa) 
found on thymocjrtes, mature T-cells, macrophages, monocytes, 
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and Langerhans' cells (1). This surface protein is required to 
shape the T-cell repertoire during thymic development (2) and 
to permit appropriate activation of mature T-cells through 
adhesion with class II major histocompatibility complex mole- 
cules and the T-cell receptor (3). Engaged CD4 subsequently 
plays a role in signal transduction by association with the 
protein-tyrosine kinase pSe'*'* (4). Besides its physiological 
function, the CD4 surface glycoprotein, in association with 
chemokine receptors, acts as a receptor for HIV-1 ^ entry into 
cells (5-7), CD4 is a member of the immunoglobulin gene 
superfamily and consists of four extracellular domains (D1-D4) 
showing structural homology to immunoglobulin variable re- 
gions, a membrane-spanning region, and a cytoplasmic tail (8); 
in Dl, there are three CDR-like regions (9, 10). The CDR2-like 
loop of Dl has been identified as the primary binding site for 
the HIV envelope glycoprotein gpl20 (11-13), whereas the 
CDRS -like region represents a CD4 target for inhibition of the 
class II major histocompatibility complex-restricted immune 
responses (14-18) and HIV rephcation (19-24). Previous stud- 
ies have shown that CDRS -like peptide analogs are strong 
inhibitors of these functions (14, 16-18, 25-28), probably in- 
terfering vnth CD4 dimerization (29, 30). Similarly, mAbs such 
as ST40 that bind to the CDRS-like loop m Dl of CD4 inhibit 
HIV-1 replication in infected cells at a post CD4/gpl20 binding 
step (24). 

Antibody paratopes result from the interactions between 
immimoglobulin variable heavy (Vh) and light (VJ chains. The 
diversity of paratopes is mainly generated by the sequences of 
the CDRs found in Vjj and Vl, which are exposed hypervariable 
loop structures. Antigen binding by peptide sequences from 
selected CDRs of mAbs has been demonstrated to have speci- 
ficities similar to those of the original antibody molecule (31- 
40). Our previous results showed that the systematic explora- 
tion of the antigen binding capacity of short peptides derived 
from an antibody sequence leads to the identification of numer- 
ous paratope-derived peptides (PDPs) that display significant 
affinity for the antigen (40). Therefore, this approach could be 
useful to identify potentially biologically active peptides from 
the sequence of a pharmacologically active antibody. 

In this study, we have established the nucleotide sequences 



^ The abbreviations used are: HIV-1, human immunodeficiency virus 
type 1; Dl, domain 1; CDR, complementarity-determining region; mAb, 
monoclonal antibody; Vjj, variable region of the heavy chain; V^, vari- 
able region of the light chain; PDP, paratope-derived peptide; sCD4, 
soluble CD4; PBS, phosphate-buffered saline; Fmoc, iV-(9-fluorenyl)me- 
thoxycarbonyl; HPLC, high pressure liquid chromatography; LTR, long 
terminal repeat. 



This paper is available on line at http://wvvw.jbc.org 



3789 



Anti-CDR3-like PDPs Block the HIV Promoter 



3790 

of the Vh and Vl regions of mAb ST40. A set of immobilized 
overlapping dodecapeptides covering the deduced amino acid 
sequences of mAb ST40 variable regions was prepared by the 
Spot method (40, 41). The ability of biotinylated soluble CD4 
(sCD4) to bind these peptides was then investigated and led to 
the selection of peptides with CD4 binding activity. All the 
selected PDPs prepared in a soluble cyclic form showed CD4 
binding capacity, and three of them blocked HIV-1 promoter 
activity and efficiently competed with mAb ST40 for binding to 
CD4. 

EXPERIMENTAL PROCEDURES 

Soluble CD4 — Recombinant purified sCD4, kindly provided by Pro- 
fessor D. Klatzmann (Hopital de La Piti6, Paris), comprised the four 
external domains of CD4 (42). sCD4 (280 /xg in 600 ju-l of bicarbonate 
buffer, pH 8.6) was biotinylated using a commerci^ reagent (Amer- 
sham Pharmacia Biotech RPN2202) according to the manufacturer's 
instructions. Biotinylated sCD4 was stored in PBS at —20 *C until use. 

Cloning of mAb ST40 V„ and Genes— The murine hybridoma cell 
line that produces mAb ST40/F142-63 (IgGl,K) was a kind gift from Dr. 
D. Carrifere (Sanofi Recherche, Montpellier, France) (43). Total RNA 
was extracted from 3 X 10^ hybridoma cells using the TRIzol™ tech- 
nique (Life Technologies Inc., Paisley, United Kingdom). The Vl gene of 
the ST40 antibody was obtained by polymerase chain reaction amplifi- 
cation. Briefly, reverse transcription was performed with 2 of total 
RNA, the reverse transcriptase Superscript (Life Technologies Inc.), 
and the primer OPP-SoCk3' (5'-CGCGCAGATCTAACACTCATTCCT- 
GTTGAAGC-3'), which contains the reverse complement of codons 
208-214 of Ck. One ^ of first strand cDNA was used as matrix for the 
polymerase chain reaction to amplify the ST40 V^/Cl genes using Vent 
DNA polymerase (New England Biolabs, Hitchin, UK) and the primers 
OPP-SoCk3' and OPP-SoVk5' (5'-GA(C/T/A)ATTGAGCTCAC(C/A)CA- 
G<T/A)CTCCA-3'). These primers contained restriction sites (under- 
lined) for cloning. The degenerate primer OPP-SoVk5' was chosen as 
the consensus sequence of codons 5-8 in murine FRl Vk. The 
polymerase chain reaction- amplified DNA product was digested se- 
quentially with BglJl and Sacl (New England Biolabs) and purified on 
a 1.5% low-melting temperature agarose gel (Life Technologies Inc.). 
This digested DNA was ligated to pUC19 that was prepared in a similar 
manner. The V^ cDNA sequence was determined by double-stranded 
sequencing using the dideoxy chain termination method with the T7 
sequencing kit (Amersham Pharmacia Biotech, Uppsala). The Vh gene 
of the ST40 antibody was isolated from a cDNA library. Briefly, 
poly(A)'' RNAs were magnetically separated from total RNAs by 
hybridization with a biotinylated oligo(dT) primer and then captured by 
streptavidin coupled to paramagnetic beads as described by the manu- 
facturer (Polytract'^, Promega, Madison, WI). A cDNA library was 
constructed from 10 fig of ST40 poly(A)'' RNA in the pSPORTl vector 
using the Superscript™ plasmid system (Life Technologies Inc.). This 
library was screened by plaque hybridization with ^^P-labeled primer 
Mu7iCHl (5'-GAAATAGCCCTrGACCAGGCA-3'). This primer con- 
tains sequence information for the reverse complement of the murine 
constant region gene, which codes for amino acids 142-148. The dideoxy 
chain termination sequencing of the Vh cDNA from selected clones was 
carried out on both strands using the T7 sequencing kit. The numbering 
of the amino acid sequences of variable regions was that of Rabat et aL 
(44). 

Peptide Synthesis on Cellulose Membranes — The general protocol has 
been described previously (45). Membranes were obtained from Abimed 
(Langenfeld, Germany). Fmoc amino acids andiV-hydroxybenzotriazole 
were obtained from Novabiochem (Laufelfingen, Switzerland). The 
ASP222 robot (Abimed) was used for the coupling steps. Two-hundred 
twenty overlapping dodecapeptides frameshifled by one residue repre- 
senting the Vh and Vl sequences of the ST40 antibody were synthesized 
on cellulose membranes. All peptides were acetylated at their N ter- 
mini. After the peptide sequences were assembled, the side chain- 
protecting groups were removed by trifluoroacetic acid treatment (41). 

Assay for sCD4 Interaction with Cellulose- bound Peptides~The tech- 
nique was performed as described previously for epitope analysis (41) 
and as adapted to paratope study (40). Briefly, the saturated mem- 
branes were incubated with a 1 tig/m\ solution of biotinylated sCD4 for 
90 min at 37 ^C. Bound sCD4 was detected by incubation of the mem- 
brane at 25 "C for 30 min in a 1:3000 dilution of an alkaline phospha- 
tase-streptavidin coiyugate (Sigma) and subsequent addition of a phos- 
phatase substrate (5-bromo-4-chloro-3-indolyl phosphate and 3-(4,5- 
dimethylthiazol-2-yl).2,5 diphenyltetrazolium bromide, Sigma). A blue 



precipitate on the spots was indicative of binding. After scanning the 
membrane, NIH software was used to measure the spots' intensities 

(45) . The membrane was further treated so as to remove precipitated 
dye and bound CD4 and reused when necessary. Inhibition of sCD4 
binding to membrane-bound peptides was evaluated as described 
above, except that biotinylated sCD4 (1 p.g/ml) was preincubated with 
anti-CD4 mAb ST40 (10 ^Lg/ml) for 18 h at 4 ''C. 

Synthesis of Soluble Peptides and Cyclization—The 11 dodecapep- 
tides, termed CMl-CMll (see Table I), selected by the immunoassay 
described above, two control peptides (see below), and a CDR3-like 
peptide (TYICEVEDQKEE) corresponding to CDR3 loop 81-92 in Dl of 
CD4 were prepared by Fmoc solid-phase synthesis on a AMS422 robot. 
To improve solubility and to allow cyclization of peptides, Lys-Cys 
residues were added to both the carboxyl and amino termini of peptides 
CMl, CM2, CM6, CM7, and CM9-CM11. For peptides CM3-CM5 and 
CM8 and the CDR3-like peptide, the lysine residue was replaced by a 
tyrosine residue. The peptides were deprotected and released from the 
resin by trifluoroacetic acid treatment in the presence of appropriate 
scavengers. They were lyophilized, and their purity was assessed by 
HPLC. When necessary, the peptides were purified to >90% HPLC 
homogeneity. The peptides were cyclized by formation of a disulfide 
bond between the two extra cysteine residues as described by Tam et al, 

(46) : 10 mg of peptide was dissolved in a solution of 20% dimethyl 
sulfoxide in 50 mM amraonimn acetate buffer, pH 7.0, and stirred for 
24 h at 20 "C. Peptide concentration was adjusted to 0.5 mg/ml to avoid 
the formation of intermolecular disulfide bonds. The efficiency of oxi- 
dation was assessed by determination of free sulfhydryl groups in the 
peptides (47). To this end, peptides (0.5 mg/ml, 10 p\) and 5,5'-dithio- 
bis(2-nitrobenzoic acid) (0.4 mg/ml, 50 pX) were added to 100 mM Tris, 
pH 9.0, and the absorbance at 412 nm was determined and compared 
with the value obtained with the imoxidized peptides. Oxidation effi- 
ciency was further assessed by analytical HPLC by the change in the 
retention time of the oxidized peptide as compared with that of the 
linear form. The peptides showed >90% intramolecular disulfide bond- 
ing at the end of this procedure. 

Enzyme-linked Immunosorbent Assay Monitoring of sCD4 and 
CDR3-like Peptide Interactions with Cyclic PDPs — Enzyme immunoas- 
say plates (96-well; Nunc, Paisley) were coated overnight at 4 **C with 
10-fold serial dilutions of the 11 cyclic PDPs (CMl-CMll) in 100 mM 
sodium carbonate buffer, pH 9.6. Three replicates were tested for each 
dilution with an initial peptide concentration of 100 /ig/ml. An irrele- 
vant cyclic peptide, 97026c (CKSSQSLLDSDGKTYLNWC), derived 
from the heavy chain CDR2 of an anti-p53 antibody was included as a 
control to verify that binding was sequence-specific. Two cyclic peptides, 
Dig23c (KCLEWIGDIYSGGGCK) and Dig97c (KCFGDYYCLQ- 
YASSCK), (derived from the heavy chain CDR2 and the light chain 
CDR3 of anti-digoxin mAb ICIO, respectively) were used as controls to 
verify the effect on antigen binding of adding Lys-Cys residues to the 
peptide sequence. After four washes in 160 mM PBS, pH 7.2, containing 
0.1% Tween 20 (PBS-T), plates were saturated with a 1% nonfat pow- 
dered milk in PBS-T for 30 min at 37 "C. Biotinylated sCD4 (1 /ig/ml) or 
biotinylated CDR3-like peptide (100 /xg/ml) was added after four 
washes in PBS-T, and plates were incubated at 37 •'C for 2 h. Following 
four washes in PBS-T, 100 pi of an alkaline phosphatase- streptavidin 
conjugate was added to each well. The coiyugate was used at a 1:3000 
dilution in PBS-T. The plates were incubated at 37 "C for 30 min and 
then washed four times in PBS-T. Finally, a 1 mg/ml 4-nitrophenyl 
phosphate disodium (Sigma) solution in 1 M diethanolamine, pH 9.8, 
was added for 20 min at 37 "C, and the absorbance was measured at 405 
nm. 

Real-time Analysis by BMco/ie™— The kinetic parameters (associa- 
tion rate constant (kj and dissociation rate constant {k^)) were deter- 
mined by surface plasmon resonance analysis using a BIAcore instru- 
ment (BIAcore AB, Uppsala). Using BIAevaluation 3.0 software, and 
Ad were determined by the so-called global method (48). The apparent 
equilibrium constant is the ratio kjk^. All experiments were carried 
out at 25 °C. Free NH^ from the extrasequence lysine residue in CMl, 
CM2, CM6, CM7, and CM9-CM11 and from the intrasequence lysine 
residue in CM4 and free COOH from the glutamic acid residue in CMS 
were used to chemically immobilize molecules on the sensor chip. Pep- 
tides CMS and CMS were chemically immobilized by the hydroxyl 
groups of threonine and serine, respectively, after activation by 1,1'- 
carbonyldiimidazole (Sigma -Aldrich). The surface plasmon resonance 
signal for immobiUzed peptides was fovmd to be ^30-50 resonance 
units after completion of the chip regeneration cycle, corresponding to 
30-50 pg of peptide/mm'*. The binding kinetics for immobiUzed peptides 
were determined by iiyecting sCD4 (20 pg/m\) in Hepes- buffered saline 
buffer (running buffer) at a flow rate of 30 /il/min. For the inhibition 
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Fig. 1. Reactivity of overlapping dodecapeptides derived from the sequence of anti-CD4 mAb ST40 with biotinylated sCIM (A) and 
quantitative analysis of the binding (B). The membrane on which the peptides were synthesized was incubated with 1 ^g/ml biotinylated sCD4 

rn^i ^^po ^'^^i^L^ sCD4 premcubated with 10 ^g/ml mAb ST40. In A, CDRs are indicated (HI, H2, and H3 and Li, L2, and L3 correspond 
to OUKl, 0DR2, and CDR3 of the heavy and light chams, respectively), and peptide spots are numbered from 1 to 220. In fl, shaded areas indicate 
the cellulose-bound peptides that reacted with biotinylated sCD4 (cutoff taken at 80 arbitrary units). Boldface amino acids belong to the CDRs 
Results correspond to the mean ± S.D. of values obtained from three independent experiments. 
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study, mAb ST40 (20 /ig/ml) and PDP (20 or 200 /Ltg/ml) were co-injected 
onto the sensor chip-bound CD4 (30-50 pg/mm^). The increase was 
calculated as the ratio of determined with inhibitor to that obtained 
without inhibitor. 

HIV-1 Promoter Activation Assay— The HeLa P4 HIV-1 LTR ^-ga- 
lactosidase indicator cell line (49) was provided by O. Schwartz (Institut 
Pasteur, Paris). HeLa P4 cells, which stably express the j3-galactosidase 
reporter gene cloned downstream of the HIV-1 LTR promoter, were 
plated in six-well plates at 5 x 10^ cells/ml in Dulbecco's modified 
Eagle's medium containing a 1% penicillin/streptomycin mixture 
(Gibco), 1% Glutamax, 1 mg/ml (Seneticin (G418), and 10% fetal calf 
serum. The cells were exposed to 1 ml of infectious HIV-lLaj at 1000 x 
50% tissue ciilture infective dose/ml prepared from the supernatant of 
chronically infected CEM T-cells, as described previously (50). After 
incubation for 1 h at 4 the cyclic PDPs CMl, CM2, CM6, CM7, and 
CM9-CM11, at concentrations ranging between 12.5 and 200 ^g/mi, 
were added individually to the cell culture medium. Next, cell cultures 
were transferred at 37 *C in a 5% COg atmosphere to allow infection 
(note that the HIV-1 infection provides the viral transactivator Tat 
protein necessary for the HIV promoter in the target cells). After 3 days 
in culture, cells were lysed, and ^-galactosidase activity was deter- 
mined by incubating 200 p\ of total cellular extracts for 1 h at 37 *C in 
1.5 ml of buffer containing 80 mM NagHPO^, 10 mM MgClg, 1 mM 
2-mercaptoeth£mol, and 6 mM o-nitrophenyl j3-D-galactopyranoside. 
0-Galactosjdase activity was evaluated by measuring absorbance at 410 
nm. Incubation of infected HeLa P4 cells with anti-CD4 mAb ST40 at 20 
iLtg/ml or anti-HLA class II mAb B8-12 (kindly provided by M. Hirn, 
Immunotech-Coulter, Marseille, France) at 20 ^^ml served as positive 
and negative controls, respectively. Additional controls consisted of 
linear Lyso-3 peptide (biotinyl-YKKSGTSPKRWIYDT), derived from 
the light chain CDR2 of anti-lysozyme mAb HyHEL-5 (40), and the 
cyclized 97026c peptide described above. 

RESULTS 

Sequence ofAnti-CD4 mAb ST40—The nucleotide sequences 
of the Vh and Vl regions from anti-CD4 mAb ST40 were es- 
tablished as described vinder "Experimental Procedures." Nu- 
cleotide sequences of three individual clones were determined 
for each chain type and shovv^n to be similar. Comparison of this 
sequence with other known antibody sequences showed that 
the Vjj region of mAb ST40 belongs to subgroup IIA according 
to the classification of Kabat et al. (44) and displays 95.5% 
homology to the closest VGK2 germ line gene (51) from the 
V-Gam 3.8 family, mAb ST40 used a member of the DSP2 DH 
gene segment family, sind the JH gene segment is homologous 
to the JH2 germ line (44) except for a 3-nucleotide difference 
probably accounted for by somatic mutation. Sequence analysis 
suggests that the ST40 Vl region results from the rearrange- 
ment of a Vk subgroup III gene with the J k1 gene segment (44). 
More precisely, the ST40 Vl region shows 88% homology to the 
closest Vk21G germ line gene (52) from the Vk21 family. Com- 
puter-assisted comparisons of these variable regions with other 
sequenced genes from anti-CD4 mAbs indicated that the ST40 
Vl region shows strong homology to the Vl region of anti-CD4 
mAb L71 (53). No significant homology to the anti-CD4 heavy 
chain has been found for the Vh sequence of mAb ST40. 

Systematic Evaluation of the Reactivity of Overlapping Pep- 
tides from the ST40 Antibody Sequence with Biotinylated 
sCZ)4— Two-hundred twenty overlapping 12-mer peptides 
frameshifled by one residue, corresponding to the deduced 
amino acid sequences of Vh and Vl from mAb ST40, were 
synthesized according to the Spot method (40). These mem- 
brane-bound peptides were then probed with biotinylated 
sCD4. The results Eire described qualitatively in Fig. lA, in 
which peptide spots showing at least one CDR residue are 
highlighted, and quantitatively in Fig. LB. Biotinylated sCD4 
bound mainly to peptides including amino acid(s) from the six 
CDRs of mAb ST40 (peptides 20-29, 31, 39-47, 49-50, 56-60, 
88-106. 108, 133, 152-158, 175-180, 212, and 215-220). The 
msgority of peptides containing only framework residues did 
not display any binding activities. However, several peptides 



Table I 

BIAcore determination of the binding kinetics of the interaction 
between sensor chip-bound peptides derived from the V^, and 
sequences of ST4Q and biotinylated CD4 
Boldface amino acids belong to the CDRs of mAb ST40. 



PDP 


Peptide sequence" 






Ko 






10* 




riM 


CMl 


KCRISCKASGYGFTCK 


9.4 


3.0 


3.2 


CM2 


KCSGYGFTNAGMQWCK 


13.7 


2.2 


1.6 


CM3 


YCGWINTHSGVPTYCY 


7.7 


16.9 


22.0 


CM4 


YCTYAEDPKGRFAFCY 


3.0 


8.2 


27.0 


CMS 


YCEDTATYFCARGGCY 


10.3 


3.5 


3.4 


CM6 


KCGGVLWSRRQDFDCK 


219 


3.6 


1.6 


CM7 


KCRRGDPDYWGQGTCK 


22.4 


7.2 


3.2 


CMS 


YCPASLAVSLGQRACY 


2.4 


20.4 


86,4 


CM9 


KCDSYMNWYQQKPGCK 


8.5 


9.1 


10.6 


CMIO 


KCLESGIPARFSGSCK 


8.2 


4.5 


5.5 


CMll 


KCWTFGGGTYLE I KCK 


8.1 


3.7 


4.6 


97026c 


CKSSQSLLDSDGKTYLNWC 




NM 


NM 



" All peptides were cyclized through N- to C-terminal disulfide bridg- 
ing. 

* Not measurable. 



(peptides 16-19, 38, 87, 127-132, 159-160, and 181-182) that 
contained only framework residues, mainly flanking the CDRs, 
were able to bind the sCD4 antigen. Little or no reactivity with 
sCD4 was observed with peptides comprising amino acids from 
the middle of the CDR sequence (peptides 30, 32-35, 48, 51-55, 
61-66, 107, 134-151, 163-174, 202-211, and 213-214). As 
shown in Fig. IS, this binding pattern was strongly affected by 
preincubating sCD4 with the parental anti-CD4 mAb ST40 (10 
/ig/ml). No binding was observed with the alkaline phospha- 
tase-streptavidin complex alone (data not shown). Taken to- 
gether and in accordance with previous observations (40), these 
results indicate that the binding of sCD4 to immobilized pep- 
tides is specific. Eleven peptides (peptides 19, 25, 49, 59, 89, 99, 
105, 128, 154, 178, and 220, named CMl-CMll, respectively) 
showing the highest reactivity with sCD4 (color intensity of the 
corresponding spots between 119 ± 15 and 165 ± 14) were 
selected for further study in a soluble form. The selected pep- 
tides comprised either exclusively CDR (CM6) or framework 
(CMl and CMS) sequences or comprised amino acids from both 
CDRs and framework sequences (CM2-CM5, CM7, and 
CM9-CM11). 

CD4 and CDR3-like Loop Specificity of Soluble Cyclic Pep- 
tides Derived from the ST40 Antibody Sequence — The 11 pep- 
tides (CMl-CMll), selected from the initial 220 overlapping 
peptides on the basis of their reactivity with sCD4 in the form 
of membrane-bound peptides, were synthesized by conven- 
tional solid-phase synthesis and N to C terminus-cychzed 
through cysteine oxidation (Table I). Their binding to whole 
CD4 and to a CDR3-like loop peptide (corresponding to resi- 
dues 81-92 in Dl of the CD4 molecule) was assessed by en- 
zyme-linked immunosorbent assay (Fig. 2). Soluble cyclic pep- 
tides reacted specifically with sCD4 in a dose-dependent 
manner, which was not the case for the three irrelevant cyclic 
peptides 97026c, Dig23c, and Dig97c, the latter two including 
an extra lysine residue like the CM peptides. Peptides selected 
from either the Vh region (Fig, 2A) or the Vl region (Fig. 2B) 
displayed CD4 binding activity in a 1-100 pg/ml concentration 
range. Peptides CM2, CM6, and CM7 (Fig. 2C), derived from 
the ST40 Vh region, and peptides CM9 and CMll (Fig. 2Z)), 
derived from the ST40 Vl region, strongly recognized CDR3- 
like peptide 81-92, whereas other synthetic peptides did not 
significantly bind this antigen. The linear forms of peptide 
CM9 and several other PDPs were markedly less reactive than 
the cyclic form (data not shown), indicating a beneficial effect of 
N- to C-terminal cyclization on binding properties. Further- 
more, the absence of reactivity of the 12-mer Lys-Cys-cyclized 
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Fig. 2. Enzyme-linked immunosorbent assay binding curves of biotinylated sCD4 or CDR3-like peptide 81-92 on adsorbed cyclic 
peptides derived from the sequence of mAb ST40. Plates were coated with various concentrations of the cychc peptides synthesized from the 
Vh sequence (A and O and from the Vl sequence (B and D), Probing was performed either with biotinylated sCD4 (1 ^g/ml) (A and J3) or 
biotinylated CDR3-Uke peptide (100 ^tg/ml) (C and D), Irrelevant peptides (Dig23c, Dig97c, and 97026c) were used as negative controls. Each value 
represents the mean ± S.D. of triplicate determinations. 



peptides Dig23c and Dig97c showed that the additional cys- 
teine and lysine residues used for cyclization/solubilization are 
not implicated in the CD4 and CDR3-like binding. Taken to- 
gether, these results indicate that the selected soluble cyclic 
peptides derived from mAb ST40 have the capacity to specifi- 
cally bind the CD4 molecule, but only some of them also dem- 
onstrated a specificity for the CDR3-like loop. 

The results of the BIAcore study, in which the kinetic pa- 
rameters ft^ and of the interaction between immobilized 
peptides and soluble CD4 were measured, are summarized in 
Table I. All 11 peptides exhibited measurable binding to sCD4. 
No measurable binding was obtained with the irrelevant cyclic 
peptide. The calculated Kjj values ranged from 1.6 to 86.4 nM, 
Peptides CM2 and CM5-CM7, derived from the CDRl and 
CDR3 Vh regions of mAb ST40, showed the highest affinity. 
The values obtained with the peptides showed a 4-8-fold 
increase in value as compared with the value obtained with the 
parental ST40 mAb (0.37 nM). This increase is mainly due to a 
lower dissociation rate of the mAb (0.33 X lO"** s~^) in com- 
parison with that obtained with the PDPs. 

Inhibition of HTV-1 Promoter Activation in Virus-infected 
Cells by PZ)Ps~The abihty of the PDPs to inhibit HIV-1 pro- 
moter activity was measured in HeLa P4 cells stably trans- 
fected with the ^-galactosidase reporter gene under the control 
of the HIV-lLoi LTR promoter. Infection of the indicator cell 
line with HIV-lLai strongly stimulated the HIV-1 promoter 
activity (mean A410 ^ increased from 0.014 to 0.548). As shown 
in Fig. 3A, no inhibition of the HIV-1 LTR-driven j3-galactosid- 
ase gene expression was observed when HIV-lLai-infected in- 



dicator cells were cultured with anti-HLA class II mAb B8-12, 
whereas 65% inhibition was found following incubation with 
mAb ST40. Irrelevant linear and cyclic peptides did not affect 
the j3-galactosidase gene expression. In contrast, treatment 
with the cyclic PDPs CM2, CM9, and CMll significantly inhib- 
ited the HIV-1 LTR-driven p-galactosidase gene expression 
induced by HIV-lLai. Several other cyclic PDPs (CMl, CM6, 
CM7, and CMIO) showed no effect. Peptide CM9, correspond- 
ing to the sequence ^^DSYMNWYQQKPG"^^ of the CDRl 
framework-2 light chain region, was the strongest inhibitor. As 
shown in Fig. 3B, peptide CM9 inhibited, in a dose-dependent 
manner, the HIV-l LTR-driven )3-galactosidase gene expres- 
sion induced by HIV-lLaj, At a concentration of 63 fig/ml, pep- 
tide CM9 showed -50% of the effect of the parental antibody 
used at 20 /utg/ml. Taken together, these results indicate that 
the PDPs CM2, CM9, and CMll, initially selected among all 
the overlapping dodecapeptides of the Vh and Vl domains of 
anti-CD4 mAb ST40, are able to inhibit the HIV-1 promoter, a 
property previously ascribed to mAb ST40 (24). 

Inhibition of ST40 Binding to CD4 by Three Paratope-de- 
rived Peptides — Competitive binding assays were performed to 
examine the ability of peptides CM2, CM9, and CMll to block 
the binding of the parental ST40 mAb to sensor chip-bound 
CD4 (Table II). The three PDPs competed with the anti-CD4 
antibody for binding to sensor chip-bound CD4, as determined 
by BIAcore analysis. This competition led to the enhancement 
of the dissociation rate of the antibody to the CD4 molecule. A 
1000-2000-fold increase was obtained when peptides were 
used at a concentration of 200 ptg/ml. This inhibitory effect was 
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Fig. 3. Inhibition of HIV LTR- 
driven ^-galactosidase gene expres- 
sion induced by HIV-lL«i following 
incubation with cyclic PDPs synthe- 
sized from the ST40 sequence (A) and 
with different concentrations of pep- 
tide CM9 (B), Irrelevant linear Lyso-3 
and cyclic 97026c peptides were used as 
negative controls. Results correspond to 
the mean ± S.D. of inhibition values ob- 
tained from at least four independent ex- 
periments. Mean absorbances at 410 nra 
varied from 0.014 for uninfected indicator 
cells to 0.548 for HIV-lLai-infected indica- 
tor cells, fi-gal, 0-galactosidase. 



CM6 peptide 
Cnvi7 peptide 
CM9peptJc!e 

CM 10 peptide 
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Table II 

Increase in the dissociation rate of the binding between sensor chip- 
bound CD4 and the anti'CD4 rriAb co-injected with PDPs derived 
from the sequence of the antibody 



Inhibitor 



Cone 



CD4/anti-CD4 interaction 



-Fold increase 





tig/ml 


8-' 




None 




3.3 X 10-** 


1 


PDF 








CM2 


20 


1.2 X 10-3 


37 




200 


2.6 X 10-2 


787 


CM9 


20 


1.6 X 10-3 


48 




200 


3.5 X 10*2 


1060 


CMll 


20 
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dose-dependent since a peptide concentration of 20 ixg/m\ 
caused only a 30-50-fold increase in the dissociation rate. 

DISCUSSION 

The identification, by using multiple peptide synthesis, of 
PDPs able to bind antigen was recently described by our group; 
several of these peptides display a significant fraction of the 
affinity of the whole antibody (40). Therefore, this approach 
could conceivably be used to screen peptide Hgands mimicking 
the biological effect of a given antibody. With this perspective 
in mind, we have studied an anti-CD4 mAb (ST40) that shows 



interesting pharmacological activities. The ST40 antibody 
binds to the CDR3-like loop in Dl of CD4 and has been de- 
scribed as a strong inhibitor of HIV promoter activity and 
provirus transcription (24). We have established the Vh and Vl 
amino acid sequences of this antibody and assessed the reac- 
tivity of sCD4 with overlapping 12-mer peptides derived from 
these sequences by the Spot method (40, 41). Eleven peptides 
were found to react strongly and specifically with the CD4 
antigen. We demonstrated that soluble cyclic peptides derived 
from peptides reactive in the Spot assay were able to recognize 
the CD4 molecule and a cyclic CDR3-like loop peptide corre- 
sponding to region 81-92 of CD4. Among the CDR3-like loop- 
specific PDPs, three (CM2, CM9, and CMll) were found to 
block HIV promoter activity and to compete efficiently with the 
parental mAb for binding to CD4. 

An interesting feature was that PDPs showing the strongest 
reactivity with CD4 in the Spot assay included both residues 
from the CDRs and residues from the framework flanking the 
hypervariable regions, extending our previous observations 
(40). Antibody variable domains comprise a framework of 
^-sheets surmo\mted by antigen-binding loops. We can postu- 
late that critical residues, identified in the Spot assay and 
confirmed by preliminary Alascan analysis (data not shown), 
located in the ^-sheet framework closely underlying the CDRs, 
probably do not participate in direct interaction with CD4, but 
could induce a binding conformational state mimicking some of 
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the structural features of the ST40 paratope. Three points 
argue in favor of this hypothesis. First, some framework amino 
acids that modulate the peptide/CD4 interaction {i.e. Tyr^*^, 
Trp*'', Gly"^®, and Arg®^ in the ST40 Vh sequence and Tyr^® in 
the ST40 Vl segment) belong to the vernier zone, which con- 
tains residues that adjust the CDR structure and fine-tune the 
fitting to the antigen (54). Second, some residues possess an 
aromatic structure (i.e. Tyr^'' and Trp**^ in the heavy chain and 
Tyr^^ in the light chain) characterized as protruding into the 
antigen-binding site surface to stabilize the antigen/antibody 
interaction (55, 56). Third, framework arginine residues (i.e. 
Arg^'* in and Arg^® in Vl) modulate the peptide/CD4 bind- 
ing, in keeping with previous work demonstrating the critical 
role of Ar^^ in the interaction of a CDR3 Vjj peptide with 
phosphatidylserine (36). These six critical residues from the 
framework regions of the ST40 antibody possess one or several 
of these characteristics, in agreement with previovis results 
obtained in our laboratory on the interactions of mAb HyHEL- 
5/lysozyme (40) and mAb TglO/thyroglobulin and mAb 4D8/ 
angiotensin 11.^ 

Based on the observations that CDR3-like synthetic peptides 
can bind CD4, Langedijk et al. (30) have proposed that the 
putative dimerization of CD4 involves the CDRS-like loop in 
Dl. Moreover, electrostatic potential contours calculated for a 
putative CD4 dimerization occurring in Dl predicted that the 
negative electrostatic potentials of the CDRS-like region were 
completely compensated for by positive charges on the opposite 
CD4 molecule in the dimer (30). Recent results (29) suggest 
that Glu«'^. AspSS, Glu^\ and Glu^=^ in the CDR3-like loop are 
essential for CD4 dimerization and that these four negatively 
charged amino acids are involved in the ST40 epitope. These 
observations may have important implications for understand- 
ing how mAb ST40 interacts with CD4. We can speculate that 
positively charged residues from the CDRs of mAb ST40 could 
participate in the paratope. The cyclic peptides CM2, CM6, and 
CM7 from the Vh region and CM9 and CMll from the Vl 
domain have been demonstrated to bind strongly to the CDRS- 
like loop of CD4 domain 1, and Lys-Cys residues added for 
cyclization/solubilization are not implicated in this binding. 
Positively charged residues, like Arg^°^*^ and Arg^^^ foimd in 
the sequence of the PDPs CMS and CM7 from the CDR3 Vr 
region, Lys^® belonging to the sequence of peptide CM9 from 
the CDRl Vl domain, and Lys^^'' in the PDF CMll, could 
conceivably interact with the negatively charged residues of 
the ST40 epitope. In agreement with this h5rpothesis, Arg-'^^^^ 
and Lys^® have been found to be critical amino acids by the 
Spot method in the peptide/CD4 interactions. Moreover, pre- 
liminary results obtained by Alascan analysis of PDPs confirm 
the contribution of these positively charged residues in CD4 
binding (data not shown). However, positively charged amino 
acids probably reflect only a part of the interaction between 
ST40 and CD4 since other contributor residues in the CDRs 
were found by using Alascan analysis. 

With regard to the measured binding kinetics of the interac- 
tion between soluble linear peptides fi"om the HyHEL-5 para- 
tope and lysozyme (40), a 1-log decrease in the k^^ was observed 
in the peptide/CD4 binding, whereas association rates were in 
the same order of magnitude in the two models. In the case of 
anti-reovirus mAb 87.92.6 (34), it has been reported that the 
increased conformational stability of cyclic CDR peptides could 
increase the binding affinity. In addition, other reports (26, 57) 
suggest that cyclization helps peptides to mimic the CDR con- 
formation. From these observations and from the results ob- 
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tained with the CM peptide series, it seems that constraining 
the PDPs improves their affinity for antigen through a de- 
crease in the dissociation rate of the equilibrium reaction be- 
tween ligands. All the selected PDPs were able to bind sCD4 
with values ranging from -2 to 90 nM, the best values being 
4-8-fold higher than those obtained with the parental mAb. 

mAb ST40 has been previously shown to inhibit HIV-1 LTR- 
driven chloramphenicol acetyltransferase gene expression in- 
duced by HIV-lLai (24). The PDP CM9, derived from region 
30-41 of the ST40 CDR2 Vl domain, blocks HIV promoter 
activity through the inhibition of )3-galactosidase gene expres- 
sion in a dose-dependent manner. The biological effect of CM9 
was corroborated by further BIAcore experiments, in which 
this peptide was shown to displace the binding of ST40 to CD4 
by increasing the rate of the dissociation reaction. Numerous 
bioactive peptides corresponding to the CDRS-like loop have 
been used to modulate the T-cell response (14, 17, 18) or to 
exert anti-HIV activity (26, 28). Disruption of CD4 dimeriza- 
tion by CDRS-like analogs has been proposed as a major mech- 
anism by which cell activation could be inhibited following 
treatment of CD4-positive cells by CDRS-like analogs (18, 26, 
29, SO). Furthermore, negatively charged residues in amino 
acid region 87-92 of CD4 can potentially be involved in the 
binding of a CDRS-like analog to CD4 (29). The facts that (i) the 
PDP CM9 interacts with CDRS-like region 81-92 and inhibits 
HIV-1 promoter activity and that (ii) residues 87/88 and 91/92 
are involved in the epitope of the ST40 antibody, from which 
peptide CM9 has been designed, suggest that this PDP could 
act as an inhibitor of CD4 dimerization. Such an effect needs to 
be confirmed by additional experiments, even though we can- 
not rule out the fact that other CD4 regions might contribute to 
the oligomerization. Our results clearly demonstrate that the 
systematic exploration of sets of short cellulose-bound syn- 
thetic overlapping peptides derived from the sequences of im- 
munoglobulin variable regions is a valuable strategy for iden- 
tifying bioactive PDPs. 
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The binding of Hbrinogen to its platelet receptor» the 
glycoprotein Ilb-IIIa complex, is mediated, in part, by 
an Arg-Gly-Asp (RGD) sequence within the Hbrinogen 
Aa chain. PACl is an IgM-x marine monoclonal anti- 
body that binds to the platelet fibrinogen receptor, and 
its binding is inhibited by both Hbrinogen and RGD- 
containing peptides. To identify^ the regions of PACl 
that interact with the Hbrinogen receptor, we deter- 
mined the mRNA sequences of PACl immunoglobulin 
heavy and light chain variable regions. Five out of the 
six complementarity-determining regions (CDRs) of 
PACl had entirely germline sequences with no regions 
of similarity to fibrinogen. However, CDR3 of the 
PACl heavy chain <H-CDR3) was very large and 
unique due to the insertion of a novel D region segment. 
H-CDR3 contained a sequence, Arg-Tyr-Asp (RYD), 
that, if present in the proper conformation, might be- 
have like the RGD sequence in Hbrinogen. A 21-resi- 
due synthetic peptide encompassing the H-CDR3 
region inhibited fibrinogen-dependent platelet aggre- 
gation as well as the binding of PACl {Ki =10 fxM) and 
fibrinogen {Kt = 6 /xm) to activated platelets. The RYD 
region of H-CDR3 appeared to be central to its func- 
tion, because substitution of the tyrosine with glycine 
increased the inhibitory potency of the peptide by 10- 
fold, while replacing the tyrosine with D-alanine or 
inverting the RYD sequence sharply reduced the inhib- 
itory potency. Thus, the linear sequence, RYD, within 
H-CDR3 of PACl appears to mimic the RGD receptor 
recognition sequence in Hbrinogen. This type of im- 
munologic approach could be useful in studying the 
structural basis of other receptor-ligand interactions. 

Many adhesive proteins, including fibrinogen, fibronectin, 
von Willebrand factor, and vitronectin, contain a tripeptide, 
Arg-Gly-Asp (RGD),^ that functions as a recognition sequence 
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Grant HL26523 and funds from Cytogen Coip. (to S. J. S.). The costs 
of publication of this article were defrayed in part by the payment of 
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chain; RYD, Arg-Tyr-Asp; GP, glycoprotein; D, diversity; J, joining; 
V. variable; PITC. fluorescein isothyanate; dA, D-alanine; REDV, 
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for adhesion receptors. The RGD sequences within these 
proteins are recognized by structurally related receptors on a 
variety of mammalian cells that have been termed integrins 
or cytoadhesins (1, 2). One well characterized member of the 
integrin family is the platelet membrane glycoprotein lib- Ilia 
complex (GP Ilb-DIa) (3). Upon platelet activation, GP Ilb- 
Illa becomes competent to bind fibrinogen, a process required 
for platelet aggregation (4, 6). Based on studies with synthetic 
peptides, the RGDS sequence at position 572-575 of the 
fibrinogen Aa chain appears to play a major role in the 
interaction of this protein with GP Ilb-IIIa, although other 
regions in fibrinogen may be involved as well (6-11). The 
precise details of the molecular interaction between fibrinogen 
and GP Ilb-IIIa are unknown. 

PACl is an IgM-x murine monoclonal antibody that, like 
fibrinogen, binds to GP Ilb-IIIa only on activated platelets 
(12). The binding of both PACl and fibrinogen is inhibited 
by RGD-containing peptides. For example, RGDS inhibits 
the binding of both ligands with an apparent Ki of 10-20 nU 
(6, 13). Moreover, PACl and fibrinogen compete with each 
other for binding to GP Ilb-IIIa (13, 14). These data suggest 
that the antigenic site on GP Ilb-IIIa for PACl is close to or 
identical with the binding site for fibrinogen. 

The antibody combining region of P AC 1 and other antibody 
molecules is contained within the variable regions of the heavy 
and light chains. Each heavy or light chain variable region is 
subdivided into four framework regions separated by three 
hypervariable or complementarity-determining regions 
(CDRs). X-ray diffraction studies of antibody molecules have 
shown that the antibody combining domain is comprised of 
all six CDRs, although each CDR may not be equally impor- 
tant in a given antibody molecule (16, 16). Recombination of 
gene segments allows for the formation of the variable region 
of an antibody and accounts, in part, for antibody diversity 
(17). For instance, any one of a few hundred variable (V) 
region segments may recombine with one of several diversity 
(D) region segments (within heavy chains) and one of several 
joining (J) region segments making a single variable region. 
In addition to combinatorial diversity, the CDRs accumulate 
somatically acquired point mutations that may enhance an- 
tibody affinity (18). 

The simUarity in the features of PACl and fibrinogen 
binding to GP Ilb-IIIa could be based on three-dimensional 
similarity between the antibody combining region of PACl 
and the receptor binding domain(s) of fibrinogen. However, 
it is also possible that similarity exists at the level of primary 
structure. For example, Bruck and coworkers (19) have ana- 
lyzed the sequence of an anti-idiotypic antibody reactive with 
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an antibody to reovirus and found sequence similarities be- 
tween reovirus and two CDRs of the anti-idiotypic antibody. 
In the present study, as a first step in identifying the struc- 
tural features of PACl and fibrinogen that accotint for their 
common specificity for GP IIb-IIIa» we have deduced the 
primary structures of the variable regions of the PACl heavy 
and light chains by determining the sequences of the mRNAs 
encoding these regions. We report here that the specificity of 
PACl for the platelet fibrinogen receptor is determined 
largely by the amino acid sequence within CDR3 of the PACl 
heavy chain. In particular^ a tripeptide sequence within this 
CDR, Arg-Tyr-Asp (RYD), is responsible for this activity, 
analogous to the activity of ROD within the fibrinogen mol- 
ecule. 

MATERIALS AND METHODS 

Cell Culture and Isolation of mRNA^PACl hybridoma cells were 
grown in RPMI 1640/10% fetal calf serum, and 5 X 10* cells were 
harvested and resuspended in 4 M guanidine thiocyanate (20). Total 
RNA was isolated after centrifugation through a CsCl cushion and 
poly(A'*^) RNA was isolated using oligo(dT)-cellulose (21), 

Sequencing of PACl Immunoglobulin Variable Regions—XJaing 
complementary oligonucleotide primers from the 5' region of the 
mouse and k constant region mRNAs, (5'-GCTCTCGCAGGAGAC- 
GAG and 5'-GGTGGGAAGATGGATACAGTT, respectively), the 
sequences of PACI-m and -k mRNAs were determined using the direct 
dideoxy chain termination method as described by Geliebter (22). 
Briefly, 20 ng of end-labeled primers were annealed to 10 Mg of 
poly(A*) mRNA at 60 'C and primers were extended in the presence 
of dideoxynucleotides and reverse transcriptase (Amersham Corp.)- 
The products of this reaction were electrophoresed on 6% denaturing 
I>olyacrylamide gels that were then exposed to autoradiography. Once 
approximately 200 base pairs of sequence had been determined, 
complementary primers within the variable region about 150 base 
pairs upstream of the constant region were synthesized in order to 
extend the sequence further 6' within the variable region. The primer 
used in the PACl-^i reaction was S'-CATTAGCTTGCAGACTGTTC 
and in the PACl-r reaction, 5'-ATCTTGAGTGTGAAATCTGT, A 
small portion, about 50 nucleotides, of the 3' end of the k mRNA was 
determined using the modified Maxam and Gilbert technique of 
Schlomchik et al, (23). Sequences were analyzed and regions of amino 
acid similarity between fibrinogen and PACl identified using Micro- 
genie (Beckman) and IntelUgenetics software. Protein secondary 
structure was predicted on Microgenie using the algorithm of Gamier 
et al (24). 

Peptide Synthesis and Analysis— The peptide H-CDR3-RYD (Ala- 
Arg-Arg-Ser-Pro-Ser-Tyr-Tyr-Arg-Tyr-Asp-Gly-Ala-Gly-Pro-Tyr- 
Tyr-Ala-Met-Asp-Tyr-amide) and analogs were synthesized by the 
solid-phase method using an Applied Biosystems 430A automated 
synthesizer. t-Butoxycarbonyl- amino acids 8i^)plied by the manufac- 
turer were used except for t-butoxycarbonyl-Asp (cyclohexyl). Triple 
couplings were used for Arg^«^, Ser", Tyr", Tyr*". Arg^, Arg", and 
Ala*^; the remaining residues were incorporated by a double coupling 
protocol. The peptides were cleaved from the solid support by the 
Sn2/Snl HF cleavage procedure (25) and purified by gel filtration 
(Sephadex G-60F, 50% HOAc) and reverse-phase high performance 
liquid chromatography (Vydac Cw, 15 Mm, 5 x 30-cm column, 95% 
A-B to 75% A-B over 60 min at a flow rate of 100 ml/min; A = 0.1% 
trifluoroacetic acid-HaO, B = 0.1% trifluoroacetic acid-CHgCN). 
Products were characterized by amino acid analyses after acid hy- 
drolysis, fast atom bombardment mass spectrometry, nuclear mag- 
netic resonance spectroscopy, and sequence analysis after Edman 
degradation. Analyses were consistent with the expected structures 
and with product pxirity of £95%. 

Binding of PACl and Fibrinogen to Platelets — Monoclonal anti- 
body API, specific for platelet membrane glycoprotein lb, was a gift 
from Dr. Thomas Kunicki, Blood Center of Southeastern Wisconsin 

(26) . Antibody Sl2, specific for an a granule membrane protein 
(GMP-140) expressed on the surface of activated platelets, was a gift 
from Dr. Rodger McEver, Oklahoma Medical Research Foundation 

(27) . Antibody 9F9, specific for fibrinogen, was a gift from Dr. Andrei 
Budzynski, Temple University (28). Antibody BlB5 is an antibody 
generated in our laboratory specific for glycoprotein lib. Antibodies 
were purified as described previously (12, 29). 

The binding of PACl and other anti-platelet monoclonal antibod- 



ies as well as fibrinogen to gel-filtered human platelets was examined 
by fluorescence-activated flow cytometry (30). Venous blood from 
normal donors was drawn into 1/7 volume of NIH formula A acid- 
citrate-dextrose solution, platelet-rich plasma was obtained, and the 
platelets were gel-filtered into an isotonic HEPES-containing buffer 
at pH 7.4 (14). To examine the effect of synthetic peptides on PACl 
binding to activated platelets, 5 x 10' platelets were incubated for 15 
min at room temperature in a final volume of 50 n\ in the presence 
of 0-100 fiM peptide, 40 ^ig/ml fluorescein-labeled PACl (FITC- 
PACl), and 10 mM ADP and epinephrine. Then 500 fi\ of the isotonic 
buffer was added and antibody binding was quantitated using a 
FacStar flow cytometer (Becton Dickinson), as described previously 
(30). Fibrinogen binding to platelets was measured using the same 
incubation system except that 50 /ig/ml of purified human fibrinogen 
(4) was added and the monoclonal antibody FITC-9F9 was used 
instead of FITC-PACl. 9F9 is specific for fibrinogen and has been 
used successfully to measure the amount of fibrinogen bound to 
platelets (28). Previous studies have established that the amount of 
FITC-labeled antibody bound to platelets determined by flow cytom- 
etry is related in a linear fashion to the amount of antibody bound 
determined in a conventional radioligand binding assay (30). The 
amount of platelet-bound FITC-PACl or FITC-9F9 was determined 
by analyzing 10,000 platelets for the extent of fluorescence at 488 
nm, and binding is expressed as the mean fluorescence intensity in 
arbitrary fluorescence units. 

Platelet Aggregation Studies— The aggregation of gel-filtered plate- 
lets was carried out as described previously (14). Platelets (2 X 10"/ 
ml) were stirred at 37 'C in the presence of human fibrinogen (100 
/ig/ml) and CaClj (1 mM) and aggregation was initiated by the 
addition of 10 /iM ADP. Aggregation was monitored as a change in 
light transmittance, and is expressed as the initial rate of aggregation. 

Rheumatoid Factor Assay — PACl was screened for rheumatoid 
factor activity in a solid-phase radioimmunoassay, essentially as has 
been described (31). A murine IgM with known rheumatoid factor 
activity (VSl) was used as a positive control and was a gift from Dr. 
Martin Weigert, Fox Chase Cancer Center. Another murine IgM 
(87.92.6.11) served as a negative control and was a gift from Dr. Mark 
Greene, University of Pennsylvania. Murine IgGl served as the solid- 
phase antigen and was bound to Immulon II microtitre wells by 
adding 200 /il of 20 Mg/ml affinity-purified IgGl (Sigma) and mcu- 
bating overnight at 4 pH 9.0. After washing and then blocking for 
2 h with 1% bovine serum albumin in phosphate-buffered saline, pH 
7.4, 150-/il aliquots of sequential dilutions of PACl, VSl, or 87.92.6.11 
were added for 2 h at room temperature, After washing, 200 m1 of 
affinity-purified, ^^I-labeled goat anti-mouse ^ chain-specific anti- 
body (Zymed; 100,000 cpm/well; 900 cpm/ng) were added for 2 h at 
room temperature. After washing, the wells were dried and counted 
for ^^I in a 7 counter. 

RESULTS 

The monoclonal antibody PACl appears to be specific for 
the fibrinogen binding site on platelet GP Ilb-IIIa (12, 13). 
As a first step in characterizing the structural features of 
PACl responsible for its interactions with GP Ilb-IIIa, we 
sequenced both the heavy and light chain variable regions of 
PACl immunoglobulin mRNA. We reasoned that linear se- 
quenc€(8) of amino acids within the CDRs of the PACl 
antibody might be important for its binding to platelets, and 
that an analysis of the antibody variable region sequences 
might allow us to identify those binding regions. 

The CDRs of the PACl Light Chain Contain No Sequences 
With Similarity to Fibrinogen — Fig. 1 shows the nucleotide 
sequence of the variable region of the k light chain along with 
the predicted amino acid sequence. The CDRs are boxed and 
the amino acids numbered according to convention (15). This 
K variable region is a class II mouse k variable region. Although 
its sequence is not identical to any germline variable regions 
present in the data bank, oidy a small number of germline 
variable regions have been sequenced. The only similarity 
between PACl-x and fibrinogen was found in framework 3 of 
PACl-Jc and the y chain of fibrinogen. Two short stretches of 
PACl-K , amino acids 60—62 and 85—88, were identical to amino 
acids 320-322 and 346-349, respectively, on the fibrinogen 7 
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Fig. 1. Sequence of PACl-it light 
chain variable region. The nucleotide 
sequence of the PACI-k variable region 
is shown with the numbering above. The 
site of the V to J (J2-»f) region junction 
is indicated The amino acid numbers 
and translation of the nucleotides appear 
on the next two lines. The amino acids 
are numbered according to convention 
(15), and the regions corresponding to 
CDRs are indicated and boxed. 
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Fig. 2. Sequence of PACl-u 
heavy chain variable region. The 

sites of V to D and D to J (J4) region 
junctions are indicated. 
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chain with the exception of two basic amino acids: an arginine 
at position 61 in PACI-k and a lysine at position 321 in 
fibrinogen. There were no apparent similarities between the 
intervening amino acids in PACl (63-84) and fibrinogen 
(323-345). 

Further analysis showed that with the exception of one 
conservative amino acid difference in the J region segment 
and two other conservative amino acid differences in the 
framework region of the V region^ PACl-zc was identical to 
the K variable regions of two mouse rheumatoid factors, VSl 
and JV6 (23). These rheumatoid factors are felt to be naturally 
occurring nonpathologic, germline IgM immunoglobulins that 
bind to IgG (23). It is not known whether the rheumatoid 
factor binds to IgG through its hypervariable or framework 
regions. Because of the near identity of PACI-k with VSl-^c 
and JVQ-K and the above noted similarity between fibrinogen 
and a PAC1-k framework region, two experiments were per- 
formed to test the relationship between PACl and rheumatoid 
factors. First, PACl was tested for rheumatoid factor activity 



against murine IgGi in a solid-phase radioimmunoassay and 
was found to be negative. Second, the known rheumatoid 
factor, VSl, was conjugated with fluorescein and tested by 
flow cytometry for its ability to bind to resting or ADP- 
stimulated, gel- filtered platelets. Despite the fact that the 
light chain of VSl is virtually identical to that of PACl, no 
specific binding of VSl to platelets was observed (data not 
shown). 

CDR3 of the PACl Heavy Chain Contains a Region of 
Potential Similarity with Fibrinogen — The sequence of the 
PACl heavy chain region is shown in Fig. 2. The portion of 
this variable region derived &om the V region segment and 
containing CDRs 1 and 2 is identical, with the exception of 
two amino acids in the framework 3 region, to the germline 
VHlOl variable region, a subgroup I (B), mouse heavy chain 
variable region. Within this V region segment, no sequence 
similarity to fibrinogen was detected. However, CDR3 of 
PACl-M is extremely long due to the insertion of a novel D 
region segment. A portion of this region inclusive of nucleo- 
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tides 302-318 is identical to the D region segment Dsp2-6 
except for the nucleotide triple encoding the arginine (amino 
acid lOOA). Apparently somatic mutations have occurred at 
this position which encodes a glycine in the germline D8p2-6 
segment. On either side of this D8p2-6 segment in PACl, so- 
called N region segments are found These sequences are a 
result of either aberrcint recombination or the addition of 
novel nucleotides next to the D region segment (32) and have 
no significant homology to D region segments on file in 
GenBank. 

Although detailed computer-based modeling of the PACl 
H-CDR3 region was not performed due to its lack of similarity 
to H-CDR3 regions that have been studied ciystallographi- 
cally, a simple algorithm was used to predict basic secondary 
structure (24). Like most CDRs, the basic structure is com- 
patible with an antiparallel loop (15). The strand region 
ends abruptly at amino acids 97 and lOOG, 2 proline residues 
that may result in a looping out of amino acids 98 through 
lOOF. Of note, the center of this putative loop (lOOA-C) 
contains the sequence Arg-Tyr-Asp (RYD). The arginine 
within the tripeptide was derived through somatic mutations 
as noted above. This RYD sequence in PACl could potentially 
interact with the ROD binding site on platelet GP Ilb-IIIa if 
the side chain of the tyrosine residue were in the proper 
conformation, presumably directed away from the side chains 
of arginine and aspartic acid In addition, Ser^, Ser*®, and 
Tyr^ of H-CDR3 are identical to residues at the same posi- 
tions preceding the RGD'*''^^'* of fibrinogen Aa. 

A Synthetic Peptide Derived from PACl H-CDR3 Inhibits 
the Interaction of PACl and Fibrinogen with Human Plate- 



lets— To test the prediction that the RYD sequence within 
H-CDR3 of PACl plays a role in the binding of PACl to the 
platelet fibrinogen receptor, we synthesized as 21-residue 
peptide (referred to as H-CDR3-RYD) that includes amino 
acids 93-102 of the PACl-/* variable region (Fig. 2), and tested 
its ability to inhibit the binding of PACl and rd)rinogen to 
activated platelets. Gel-filtered platelets were stimulated max- 
imally with ADP and epinephrine (10 nM each) for 15 min in 
the presence of a subsaturating concentration of FITC-PACl 
and various concentrations of H-CDR3-RYD. Then, the 
amount of FITC-PACl bound to the platelets was determined 
by flow cytometry. Under these conditions, the H-CDR3- 
RYD peptide inhibited the binding of FITC-PACl to platelets 
with an ICw of 20-30 mM (Fig. 3A). This was similar to the 
ICm of the tetrapeptide, RGDS. In five separate experiments, 
Dixon plot analysis (33) revealed that the apparent Ki for 
inhibition of PACl binding by H-CDR3-RYD was 10.2 ± 4.3 
/iM (S.E.). As a control, an unrelated peptide of similar length 
had no effect on FITC-PACl binding (Pig. 3A). Identical 
results were obtained when platelets were activated with 
phorbol myristate acetate instead of ADP and epinephrine. 

Since PACl binds to an epitope on GP Ilb-IIIa at or near 
the binding site for fibrinogen, we also tested the ability of 
H-CDR3-RYD to inhibit fibrinogen binding to activated 
platelets. Fibrinogen binding was assessed by flow cytometry 
using a FITC-labeled anti-fibrinogen monoclonal antibody, 
9F9. When platelets were activated with ADP plus epineph- 
rine in the presence of 50 MgMl fibrinogen, H-CDR3-RYD 
inhibited fibrinogen binding with an ICw) of 10-20 (Fig. 
3B). In three experiments, Dixon plot analysis showed that 
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Fig. 3. Effect of the H-CDR3-RYD peptide on the binding of PACl and fibrinogen to activated 
platelets. As described under "Materials and Methods," gel-filtered platelets were incubated for 15 min with ADP 
(10 ;xM), epinephrine (10 /im). the indicated peptides, and either FITC-PACl (A) or FITC-9F9 and fibrinogen (B) 
(50 Mg/ml). Then PACl and fibrinogen {9F9) binding were determined by flow cytometry. The peptides studied in 
this experiment included: H-CDR3-RYD, the synthetic 21-residue peptide encompassing amino acids 93-102 of 
the PAC1-/X variable region (see Fig. 2); RGDS, Arg-GIy-Asp-Ser. and a "control peptide" similar in length to H- 
CDR3-RYD but with an unrelated sequence, YVDGDQC(Acm)ESNPCLNGGM(0)C(Acm)KDDINSYGCF-amide. 
Antibody binding is expressed as the percentage of binding observed in the absence of an added peptide. Error 
bar3 represent the mean ± S.E. of five separate experiments. In A, the data points without error bars represent 
the mean of two experiments. 
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Fig. 4. Effect of the H-CDR3-RYD peptide on the binding 
of various monoclonal antibodies to platelets. As in Fig. 3, gel- 
filtered platelets were incubated in the presence of H-CDR3-RYD 
and various FITC-labeled, anti-platelet monoclonal antibodies, and 
then monoclonal antibody binding was determined by flow cytometry. 
The specificity of each of the antibodies is indicated in the text. In 
the case of antibody API, the platelets were not activated. In the case 
of antibodies PACl, B1B5, and Sl2, the platelets were activated with 
ADP and epinephrine (10 nM each). The data are from a single 
experiment representative of two so performed. 

this peptide inhibited fibrinogen binding with an apparent Ki 
of 5.6 ± 3.5 /xM. 

To examine the specificity of the H-CDR3-RYD peptide as 
an inhibitor of PACl binding, the effect of this peptide on 
the binding of monoclonal antibodies to other platelet glyco- 
proteins was examined. The H-CDR3-RYD peptide had no 
effect on the binding of FITC-APl to platelet glycoprotein lb 
on resting platelets. In addition, the peptide had no effect on 
the binding of either FITC-BIBS to glycoprotein lib or FITC- 
Sl2 to GMP-140 on activated platelets (Fig. 4). 

Since agonist- induced platelet aggregation is dependent on 
fibrinogen binding, and since PACl inhibits platelet aggre- 
gation, we examined the effect of H-CDR3-RYD on aggrega- 
tion. In three experiments in which gel-filtered platelets were 
stirred in the presence of 100 ng/wl fibrinogen, H-CDR3- 
RYD inhibited the initial rate of ADP-induced platelet aggre- 
gation with an ICw of approximately 40 (Fig. 5). At 10 /ig/ 
ml fibrinogen the ICw was approximately 10 (not shown). 

Modifications in the RYD Sequence of the H-CDRS Peptide 
Affect Its Inhibitory Activity—The specific role of the RYD 
sequence within H-CDR3-RYD was examined by testing three 
additional peptides identical to H-CDR3-RYD except for 
specific modifications in the RYD region. Substitution of the 
tyrosine in RYD with glycine (H-CDR3-RGD) increased the 
inhibitory potency of the H-CDR3 peptide by about lO-fold 
in both the aggregation assay (Fig. 5) and the PACl and 
fibrinogen binding assays (Fig, 6). On the other hand, substi- 
tution of the tyrosine with a D-alanine (H-CDR3-RdAD) or 
inversion of the R and D residues (H-CDR3-DYR) substan- 
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Fig. 5. Effect of H-CDR3-RYD and related peptides on 
platelet aggregation. Gel-filtered platelets were stirred for 3 min 
in an aggregometer cuvette in the presence of ADP (10 mM), fibrinogen 
(100 ng/m\), CaCU, (1 mM), and the indicated peptides. Aggregation 
is expressed as the initial rate of aggregation where the rate of 
aggregation in the absence of added peptide is arbitrarily denoted as 
100%. The data represent the means of three separate experiments. 
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Fig. 6. Effect of H-GDR3-RYD and related peptides on the 
binding of FITC-PACl (A) or FITC-9F9 (B) {te, fibrinogen) 
to platelets stimulated with ADP and epinephrine (10 
each). The conditions In each of the binding assays were identical to 
those in Fig. 3. Data are from a single experiment representative of 
three so performed 

tially reduced the inhibitory capacity of the peptide. 

These results indicate that the primary structure of the 
CDR3 of the PACl heavy chain plays a major role in the 
binding of this antibody to the fibrinogen receptor on acti- 
vated platelets. In particular, the RYD sequence within this 
CDR appears to mimic the ROD sequence in fibrinogen, 
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thereby conferring specificity of this antibody for the platelet 
fibrinogen receptor. 

DISCUSSION 

Several lines of evidence indicate that the epitope for the 
PACl monoclonal antibody on the platelet GP Ilb-IIIa com- 
plex is at or very near the binding site for fibrinogen: 1) PACl 
binding to GP Ilb-IIIa, like fibrinogen binding, is dependent 
on platelet activation (4, 5, 12); 2) PACl and fibrinogen 
compete with each other for binding to platelets (13, 14); and 
3) the bindmg of both PACl and fibrinogen is inhibited by 
small peptides containing the core sequence RGD (6, 7, 13). 
As further proof of the specificity of this interaction, anti- 
idiotypic antibodies raised to PACl exhibit binding properties 
similar to GP Ub-IIIa in that they interact with both PACl 
and fibrinogen,* In the present study, we have determined the 
amino acid sequences of the heavy and light chain variable 
regions of PACl to see if we could identify linear sequences 
within the CDRs of the antibody and similar sequences within 
fibrinogen that are critical for binding to GP Ilb-IIIa. 

The structural features of the PACl variable region se- 
quences allowed us to successfully identify a sequence within 
H.CDR3 that is critical for PACl binding to GP Ilb-IIIa. 
Like many IgM antibodies, PACl has not accumulated a large 
number of somatic mutations in its CDRs (34, 35), Five out 
of the six CDRs of PACl are found in germline variable 
regions. These CDRs are not eliminated as necessary regions 
in the antibody combining site, because several IgM antibod- 
ies with few or no somatic mutations within the CDRs have 
been shown to exhibit antigen specificity (34, 35). However, 
since somatic mutations may greatly enhance antibody affin- 
ity (18), identifying a CDR that contains somatic mutations 
may help pinpoint an important region in the antibody com- 
bining domain. Because these five PACl CDRs lack either 
somatic mutations or sequence similarity with fibrinogen, we 
focused our attention on H-CDR3, the one PACl CDR that 
is not in a germline configuration. Given our findings with H- 
CDR3 (discussed below), it may be that portions of the other 
PACl CDRs function in stabilizing the interaction between 
H-CDR3 and GP Ilb-IIIa. 

Two characteristics of the PACl H-CDR3 sequence sug- 
gested to us that this CDR has a major role in determining 
the binding specificity of PACl. First, due to the occurrence 
of somatic point mutations in the D region segment, PACl 
H-CDR3 contains a sequence, RYD, that has potential simi- 
larity to the RGD sequence in fibrinogen. Secondary structure 
analysis suggested that a loop-like structure conferred by 2 
surrounding proline residues might make the RYD available 
for binding to GP Ilb-IIIa. Second, becaxise of the presence of 
N region segments, H-CDR3 is very long, supporting its 
involvement in the antibody combining domain of PACl. In 
x-ray diffiraction studies of the antibody KOL, the long H- 
CDR3 region was shown to occupy a large portion of the 
antibody binding domain (36, 37). Since antibodies have very 
similar three-dimensional structures, by analogy with KOL, 
the long H-CDR3 region within PACl should ^so occupy a 
large portion of the PACl binding domain (38). 

To test the role of H-CDR3 in PACl binding to the platelet 
fibrinogen receptor, we synthesized a 21-residue peptide en- 
compassing the entire H-CDR3 region. This peptide specifi- 
cally inhibited the binding of both PACl and fibrinogen to 
activated platelets with a Ki of about 10 mM, a value similar 
to the Ki for the tetrapeptide RGDS (6, 13). The H-CDR3 
peptide also inhibited platelet aggregation, a process that 

* S. J. Shattil, J. Hoxie, R Taub, and P. A. Friedman, unpublished 
observations. 



requires fibrinogen binding to platelets. Specific modifications 
of the RYD sequence within the H-CDR3 peptide clearly 
established that this sequence of three amino acids is critical 
for the functional properties of the entire peptide. On the 
basis of this information, we conclude that the ability of 
PACl to bind to the platelet fibrinogen receptor is dependent, 
in large part, on the similarity of the RYD sequence within 
H-CDR3 to the RGD sequence within the Aa chain of fibrin- 
ogen. Of the H-CDR3-derived peptides that had been modified 
in the RYD region, the peptide in which a glycine had been 
substituted for the tyrosine (H-CDR3-RGD) was 10-fold more 
effective than H-CDR3-RYD in inhibiting the interaction of 
PACl and fibrinogen with platelets. Presiunably, the glycine 
residue in the substituted peptide is in a more favorable 
conformation for binding to GP Ilb-IUa than the tyrosine 
residue within H-CDR3-RYD. The conformation of the RYD 
region in the intact antibody molecule is likely to be optimized 
for binding to GP Ilb-IIIa through contact with other regions 
in PACl. Based on the results with these peptides, it is also 
possible that a glycine-for-tyrosine substitution in the intact 
antibody might increase the antibody's already high apparent 
affmity (5 nM) even further. 

In many of the adhesive proteins reported to bind to the 
integrin family of adhesion receptors, it appears that each 
amino acid of the RGD core is critical for optimal binding 
activity (2, 39). In PACl, the three-dimensional structure of 
the RYD-containing, antigen-binding domain may be suffi- 
ciently similar to the RGD-containing domain of fibrinogen 
to permit tight interaction of the antibody with GP Ilb-IIIa. 
Other ligands with an RGD-like sequence may bind to adhe- 
sion receptors in some systems. For example, a region of 
alternatively spliced fibronectin containing the sequence 
REDV has been implicated in the binding of fibronectin to 
melanoma cells (40). It is of interest that both RFDS and 
RYDS are highly conserved in major histocompatibility an- 
tigens and are putative cellular adhesion sites (41). Further- 
more, von Willebrand factor, which can bind to GP Ilb-IIIa 
on activated platelets, contains an RYD as well as an RGDS 
sequence (42). In these latter cases, the role, if any, of the 
RYD sequence in cell-cell or protein -cell interactions remains 
to be determined. 

Using computer modeling based on known structures of 
crystallized antibodies, the three-dimensional structures of 
the variable regions of antibodies are now routmely predicted. 
However, computer-based modeling may result in errors or 
ambiguities leading to incorrect structural predictions (43). 
Because the CDRs of PACl have low similarity to the CDRs 
of antibodies studied crystallographically and are, therefore, 
unfavorable for modeling, we chose to examine the primary 
structure of the variable regions of PACl, particularly the 
CDRs, for linear sequences with similarity to fibrinogen. 
Using this approach we were successful in identifying a region 
within one of the CDRs that confers specificity of PACl for 
its antigen, GP Ilb-IIIa. A similar immunologic analysis of a 
receptor-ligand interaction was used by Bruck et al, (19) to 
determine the sequences within reovirus that mediate binding 
to the reovirus receptor on mammalian cells. In this example, 
a sequence within the CDRs of an anti-idiotypic antibody 
reactive with the reovirus receptor was similar to a sequence 
within the receptor ligand, reovirus. Taken together with our 
results, these findings suggest that such an immunologic 
approach may be useful in the analysis of other cellular 
receptor-ligand interactions. 
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'I monoclonal antibodies that bind to phosphatidylserine 
(PS) One v^b, PS4A7, showed a stnct specificity for PS and distinguished the stereo- 
specific configuration of its serine moiety. We determined the amino acid sequences of the 
heavy and lig^it chain' varfable regiftris of PS4A7,'aiid examined the r^W^oftl 
synflietic peptides corresponding to the complementarity determining r^ion (CDR> of the 

Sl£e"tj£d^?^?„?!^'t 'T'* "^'^ ^y-^'^^" pi^iS coirSpiSg 

to the third pB of t^hea^ chain (anmno acid re^dues 93-102, referred to as CDB3-m 
bound specifically to PS. Although the'affinity of the peptide to PS wa^ markedly iSweTiS 
pcptade was shown to bind to l^-diacyl-sn-glycero-a-phosphcL-serine (PS), but n<rt to 

T£'S;rK^5"®™i?i.^*^»;?;?''*^*' '^^^^ '^ ^P^^^^ specificity to that of PS4A7. 
The specific binding of the CDRS-H |ieptide to PS was confirined by ELISA itaiTWC 
immunostainmg assay. The interaction between the CDR3.H peptide and water-soluble 
PS-derivatives was investigated by inhibition of the EUSA. M ^ectively inSbited Se 
Kh^-^ - Phosphpswipe JiQwed a weak but significant inhibition, but nolappreeiable 
inhibition was observed witfc serine, lli^fee obser^atioiis suggest' that the CDRS-HSde 
moS^ir*^"'' ^ mteraction of PS4A7 with the phosphoserine residue of^e PS 

Key words: anti-idiotypic antibody, anti-phospholipid antibody, complementarity deter- 
mining region (CDR), monoclonal antibody, phosphatidylserine. 



Phosphatidylserine (PS) has been shown to pky various ture and these hvuervariable loom r«n«tm^ fi.^ 

n>les in biological responses (1-3). Several conservedSenEiSi8(^?rSe>e^k&S^ 

?^^r^ ',^''°'^'^*°f4"^'^^'*^*^"^*^"^^^ demonstrated that sSrpeSi SvT wSe 

S-rSSjr^Xl^tTvf""?^^^ ^oacidsequencesrfCDRsboS^^S^l^Lt 

protems. Httle information has been available about the fJctio^n^e^ L J^^^^^^ 

&:S^S?S""'' " '^-PO-*'^^ for the specific mAb iHiette^cSLSSS^"*^ °' '^'■^""^ 

'To whom correspondence should be^dressed at the present • w ^' y'^'^temined the amino add sequences of 

address: Department of Inflammation Research, The Tokyo Metro- • regions of PS4A7 to define the epitope recog- 

polftanlnstituteof MedicalSciencea; 18-22. HonkomagomeS-cfeme "^^^ anti-idiotypic mAb, and synthesiied a peptide 

Bunkyo-ku, Tokyo 113. E-mail: umeda@rinahoken.or.jp ' "^"^^ interacts with PS with similar specificity to that of- 



n^^if^?^' ^' phosphatidylseme; mAb. monoclonal antibody PS4A7. 
1 I complementarity determining region of Immunol 

giobuun heavy chain. 
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MATERIALS AND METHODS 

Materials—PS from bovine brain white matter {16, 1 7), 
egg yolk phosphatidylcholine (PC) {18), Escherichia coli 
rfiosphatidylethanolamine (PE) .(19), and bovine heart 
cardiolipin (CL) {20) were pmrified as previously described. 
Lysophosphatidylserine and alkylphosphoserine were pre- 
pared as described previously {21), Phosphatidic acid (PA) 
and phosphatidylinositol (PI) were purchased froih Avaati 
Polar Lipids (Birmingham, AL), PS-specific mAb, PS4A7, 
was established as described previously (8) and an anti* 
idiotypic mAb, Id8F7, was established andcharact^^rized as 
described previously {10), 

Sequencing of PS4A7 Variable -R^ws—N- terminal 
amino add sequences and nucleotide sequences of the 
hfeavy and light chain variable r^ois of PS4k7 were 
determined by the method described previously {22), 
N -terminal sequences of heavy and light chains separated 
by HPLC g^l filtration through a GSOOQSWXI^ (Tosoh, 
Tokyo) under reducing conditions were determined by 
automated Edman degradation using a protein sequencer 
(model 470A, Applied Biosystems). Oligonucleotide 
primers were synthesized by the triester method <^ a DNA 
synthesizer (model 381A, Applied Biosystems); the 
primers used were 5'-GCTCTCGCAGrGAGACGAC.3' for 
the heavy chain {m primer) and 5'-GGGGCCAGTGGATA- 
GAC-3' ifor the light chain {x prinier) . The mRNA W)m the 
hybridoma cells was annealed to the radiolabeled oligonu- 
cleotide primers and dideoxy sequencing was performed. 
The sequences thus obtained werei confirmed by sequencing 
of cDN A amplified by the polym'erasie chain reaction (PCR) . 
In brief, for the first strand cDNA synthesis, 75 total 
UNA was annealed to 100 ng of the ji or x primer and 
extended with avian- myeloblastosis virus (AMVjl reverse 
transcriptase. For the amplification process, an aliquot of 
the cDNA first strand reaction mixture was supplemented 
with 100 pmol appropriate 3' and 5' primers with t^^e ^?coRI 
and BamHI cloning sites and amplified in 100 ^1 of reaction 
mixture using 5 U Taq DNA polymerase, according to the 
manufacturer's protocol (Perkin Ehner Cetus). The cDNA 
corresponding to a band of 380-400 base pairs waa^ extract- 
ed and ligated into M13mpl9/18 phs^e vector. After 
transformation of the E, coli strain JM109, the integrated 
cDNA sequences were determinfecj by thje dideoxy geqi^enc- 
irig method using a iSEQUENASE' sequencing kit (Toyobo, 
Osaka). 

Binding of Id8F7 to Synthetic Pcpiwies-— Synthetic pep- 
tides (from 8 to 17 amino acids' Idng) cdrirespondiiig to the 
CDRs of PS4A7 were synthesized on 4-(Qxymethyl)-phen- 
ylacetamidomethyl resins using an Applied Biosystems 
430A automated peptide synthesizer, During the srothesis, 
an extra cysteine residue was added to the carbo^ termi- 
nus to couple the peptides to BSA. The synthetic peptides 
were purified by reverse-phase HPLC on an ODS120 
column (Tosoh) and the sequences- were 'confirmed tpsingan> 
Applied Biosystems 470A protein sequencer. The synthetic 
peptides were conjugated with BSA by the heterobifunc- 
tional cross-linking reagent maleimidobenzoyl-iV-hy- 
droxysuccinimide ester (MBS) (Piertee Chemical, l^dcford,' 
IL) by a method of Lemer et al {23), In brief, MBS was 
dissolved in dimethyl sulfoxide (1 rag/ml) and added to 
BSA solution (50 mM phosphate buffer, pH 8.0) tq ^icbieve 
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a molar ratio of 40 : 1 of MBS : BSA. After stirring for 30 
mii^, the free MBS was remov^ Ijy gel filtratitm tbrough a 
Sephadex G-25 column equilibrated with 50 mM "plK^phate 
buffer, pH 6.0. One milligram of synthetic peptides was 
added to the MBS activated BSA with stirring .for 3 h and 
tii'e free peptide was removed by gel filtration. ^Thef avierage 
molecular mass of the peptide-BSA complexes. Which was 
determined by SDS PAGE, was about 90kDa, indicating 
that an average, of about 15 peptides were conjugated with 
BSA. > ■ ^ / 

The peptide-BSA complexes were coated onto microtiter 
plates and tiie binding of Id8F7 to the synthetic peptides 
was examined by EUSA. In brief; microtiter plates were 
coated with 50 jul of the synthetic peptide-BSA conjugates 
[l//g/ml in lOmM Tris-HCl buffered saline (TBS), pH 
7-4. overnight at 4*C ] , and were blocked by incubation with 
TBS containing 30 mg/mi BSA (3?% EiSA.TB^^f&r'2 h at 
room temperature. After washing with TBS, the plates 
were incubated with various amounts of a purified Id8F7 
diluted with 1% BSA-TBS for 2^ at ropi^ teinperatnre. 
The bound IdSfl was detected with biotinylated anti- 
mouse immunoglobulin and peroxidase-conjugated strept- 
ayidin (Zymed Laboratories, San Francisco, CA). 

Bind&hg of the Biotinylated Peptides dhd F^^tide-BSA 
Complexes to Phospholipids— BSA was labeled with biotin 
xising iV-hydroxysuccinimido biotin (Sigma) as previously 
described (24), The purified synthetic pq^tide^f^iere cou- 
pled through their cysteine residue to the bioM-Sbeled 
BSA using MBS as a cross-linker (Pierce). In additibn, the 
peptides were biotinylated directly with iodoacetyl-LC- 
bidtin (Pierce) uising a sl^tly Modified m4t^*i«SSutoli 
aL (25). In brief, the synthetic peptides (1 mg):iii lOimM 
Tris, 50 mM KCl, pH 8.5, were mixed with iodoacetyl^LC- 
biotin dissolved in dimethyl formamide at a mo^ ratio of 
4 : 1 (iodoacetyl-LC-biotiu : pelptile). After iii^iilci.n f or 
24 h at 4*C, the biotinylation reaction was quench^ by 
addition of excess 2-mercaptoethanol and the biotin-label- 
ed peptides were purified by reven^ pliase HPIi©using an 
6DS120 column. ' 

ELISA— The binding of the biotinylated peptides and 
peptide-BSA complexes to phospholipids .was 4etermined 
by ELiSA as descritied previously (20) /In brief; micrbfiter 
plate weUs were coated with 50 /^l of phospholipid antigen 
in ethanol {lOjiM) by evaporation at room temperature. 
After the blocking of the wella wi|h. 10 mM HBBES, 150 
mM NaCl, pH7.4, containing 30 mg/ml BSA ^39fi- BSA- 
HBS), the wells were incubated with various amounts of 
either the biotinylated peptides or peptide-BSA complex- 
es.The reliative fluorescence inieniity was ineiiul^i' after 
the addition of 0.25 ihM 4-methyl umbeilif eryl phospihate 
substrate solution with a fluorescence ELISA reader (MTP- 
32, Corona Electric, Tokyo). ;>/iv : • 

TLC-l7nniunosiairiing--The thin^layer chrorliato^phy 
(TLC) immunostaining assay was carried out usizig a 
slightly modified method of Karasawa et al (25). Aliquots 
(10 and 50 mnol) of phospholipid aaatig^ were af^^tted- ontb 
a high performance TLC plate (Art.5547, Merck, Disffm- 
stadt, Germany) and the plates were dipped into a chloro- 
form/hejcane (1 ; 5) solution containing 0^4% (fv^v) poly- 
isobutylmelihacrylafe (Aldridii M&waukee, ^y^ fbr 6 s.' 
After drying, the plates were soaked in -TBS buffer for 5 
min and then blocked with TBS containing 1% (w/v) 
ovalbumin and- 1% (w/v) polyvinylpirrolidfne {Mr 
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360,000) for 1.5 h. The plates were incubated with 10 /£gof 
biotinylated peptide or peptide -BS A complex in TBS 
containing 1% (w/v) ovalbumin for 2 h. After threi wash- 
ings with TBS, the amounts of peptide or peptide-BSA 
complex bound to the phospholipid antigen were detected 
by adding perpxidase-conjugated sl^reptayidin, followed by 
4-chloro-l-naphthol solution (0.4ing/ml, BioRad Labora- 
tories, Richmond, CA) containii^ 0.01% H2O2 (27). 

RESULTS AND DISCUSSION 

Amino Acid Sequence of the PS-Specific mAb, PS4A7— 
In a previous study, we established a series of mAbs that 
bound to PS (8). One of them, narfcied PS4A7. was^hij^y 
specific to PS and distinguished the stereo- specific configu- 
ration of its serine moiety. To study the molecular mecha- 
nisms of the specific lipid-protein inteji^action, \?:e first 
determined the amino acid sequences of the heavy and light 
chain variable regions of re4A7, The mRNA sequences and 
the deduced amino acid sequences are shown in Fig. 1, A 
and B. The CDRs are indicated by soRd lines ^d the 
sequences are numbered according to the scheme of Kabat 
ef al (28). The nucleotide sequences obtained indicate that 
the Vh, D, and J regions are encoded by the J558, S„P.2.2, 
and Jh4 gene families, respectively, and the Vk md Jk 
regions are encoded by the Vk9 and Jk4 gene families- The 
most homologous Vk and Vh gene to that of PS4A7 was 
encoded by mAb L11-2E2 (anti^ influenza virus hemag- 
glutin, 96% homologous) (29) and mAb 126 (anti-ijisulin, 
93% homologous) (30), respectively. None of the anti- 
bodies so far reported has the same combination of Vk and 



Vh gene segments as PS4A7. 

Locatidn of the Binding Site of Anti-Idiotypi^ mAb on 
PS4A7— In the previous study l(l05f, we niade a sSnes of 
anti-idiotypic mAbs against the combining site of PS4A7. 
One of them, Id8F7, cross-reacted extensively with PKC, 
and its binding to PKC was specifica|ly inhibited l?y JJS, but 
not by synthetic PS analogs such as i,2-diacyl-sn-glycero- 
3-phosi^o-D-serine and l,2.diacyl-5/i-glycero-3-phospho- 
L-homoserine. These results suggest that the anti-idiotypic 
mAb recognizes a consensus sl^Hiotoe'beWeen^ 
specific mAb and PKC, which is responsible for the specific 
interaction with PS. 

Although the combining sites of antibodies are If^j^ by . 
combination of the heavy and lighi^ chain CDiRs,^ ^Veral 
studies have shown that the heavy chain CDRs play a major 
role in determining the antigen specificity of various mAbs 
(31, 32), To locate the Id8F7.bindnag site on PS4A7; we 
first synthesized the peptides corresponding to the CDRs of 
PS4A7 heavy chain and examined their reactivity with 
Id8F7. The synthetic peptides were couple^l to BiS^ via a 
functional SH group at the carboxyl terminus ^d the 
binding of Id8F7 to the plate-coated peptide-BSA complex 
was determined by ELISA. Id8F7 bound specifically to the 
synthetic peptide derived from tke t^urd CDR of th<?|?S4A7 
heavy chain (AREGDYDGAMDY, amino acid residues 93- 
102, referred to as CDR3-H peptide), but not to the 
CDR2-H peptide (amino acid residues 50-65, LIMpYNG- 
GTSYNQKFKG) or BSA conjugated With cysteine 
The CDRl-H peptide (FTGYTMKWV) tended to form 
aggregates and was unusable for the experiments. 

The anti-idiotypic mAb effective!;!^ bound to the~p,eptide 



(A) Vh sequence of PS4A7 



1 

E V Q L Q Q 
GAG GTC CAG CTG CXA CAG 

S C K A S G 
TCC TGC AAG GCT TCT GGT 

H G K N L E 
CAT GGA AAG AAC CTT GAG 
ii) : 

N Q K F K G 
AAC CAG AAG TTC AAG GGC 
SO 82A 82B d2C 

M E L L S L 
ATG ,GAG CTC CTC ACT CTG 



10 

S G P E 
TCT GGA CCT GAG 
30 

If S P' T 
TAC TCA TTC ACT 

W I G L 
TGG ATT GGA CTT 

K A T L 
AAG GCC ACA TTA 

T S 13 D 
ACA TCT GAT GAC 



L V 
CTG GTG 



G Y 
GGC TAC 



K P 
AAG CCT 
CPRl, 



I N 
ATT AAT 
^0 

T V 
ACT GTA 

S A 
TCT GCA 



ACC ATG 



P Y 
CCT TAC 
h\ . 
D K 
GAC AAG 
90 
V Y 
GTC^ TAT 



ZQ 

G A S M K I 
GGA GCT TCA ATG AAG ATA 
40 

K W V K Q S 
AAC TGG GTG AAG CAG AGC 
a2R2 

N G G T S Y 
AAT GGT GGT ACT AGC TAC 

S S S T A Y 
TCT TCC AGC ACA GCC TAC 



Y C A R E G 
TAC TGT GCA AGA GAA GGG 



D Y D G A M 
GAT TAC GAC GGG GCT ATG 



OYWG QGTSVTVS 
GAC TAC TGG GGT CAA GGA ACC TCA GTC ACC GTC TCC 



(B)t VL sequence of PS4A7 



1 

D.I 0 M T 
GAC ATC CAG ATG ACC 



I T C K S 
ATC ACT TGC AAG TCA 

G K G P G 
GGA AAA GGT CCT GGG 

R- F S G S 
AGG TTC AGT GGA AGT 

E.N I A ■ A • 
GAA AAT ATT GCA GCT 

T R L E 
ACC AGG CTG GAA 



Q S P 
CAG TCT CCA 



S . Q D 
AGC CAA GAC 

L L 2 
CGT CTC ATA 

G 5 C 
GCG TCT GGG 

r, Y c 

TAT TAT TGT 



10 
S S 
TCC TCA 

; 30 , 



L S A S L G 
CTG TCT GC^^ TCT CTG' GGA 



ATT AAC 

50 

a Y 

CAT TAC 
7b 
R D 
AGA GAT 
SSL 



K Y r A W Y 
AAG TAT ATA CCT TGG TAC 

caa2 



ACA TCT 



TTA CAC CCA 



L 0 

CTA CAG 



¥ S F S I S 
TAT TCC TTC AGC ATC AGC 
C0R3 



Y D n'^T"! Y ~ 
TAT GAT AAT CTG TAC ACG 



20 

G K V T 
CSGC'AAA GTC ACC 
40 

Q H K P 
CAA CAC AAG CCT 
60 

G I P S 
GGC ATC CCA TCA 
80 

N L D P 
AAC CTG GAC CCT 

F G G 6 
TTC GGA GGG GXX 



Fig. 1. Nucleotide and deduced 
amino add j^uaices of tfajef^tijBav^ 
and light chain variable re^ons; of 
the anti-PS mAb PS4A7. The nudeo- 
tide sequences of the heavy.* (A) and 
ligpht (B) rhnipB were detexinu^ and 
the deduced amino add s^uemceis are 
shown above the sequences. The QDRs- 
defined by Kabat et oL (28) are indicat- 
ed by solid lin^ ( — ; 
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which had been coupled to BSA, but act appreciably to the 
free p^tide directly coated onto the plates i(data not 
shown). The observation suggests that Id8F7 recognizes a 
conformational structure of the CDR3-H peptide, which 
may be altered when the peptide is coated directly onto the 
solid surface. ^ 

Binding of the CDRS-H Peptide to PS— To study the 
functional role of the CDI13-H sequence in binding of the 
antibody molecule to PS, we analyzed the ii^teraction 
between the CDR3-H peptide and various phospholipids. 
The CDR3-H peptide and the CDR3-H peptide without 




Concentration of ld8F7 (fxg/mi) 

Fig. 2. Hie binding of Id8F7 to the synthetic peptides. The 
synthetic peptides derived from the heavy chain of PS4A7, CDR3-H 
[iaxnino add residui^^ 93-102, AREDfeyXKMMDY]' (6% CDR2.H 
[amino acid residues 50-65, UMPYNGGTSYNQKFKG] (•), and 
cysteine as a control (□) were coupled to BSA via the functional SH 
group at the caxfooxyl terminus. Peptide-BSA complexes (50 ng/well) 
were coated on microtlter wells anid 'ftie bidding of Id^7 to eadi 
peptide was examined. Idstl bound to the i>eptide-BSA complexes 
was detected with blotinylated anti-mouse IgM and peroxidase- 
coryugated streptavidin. 



s 

S 

c 



□ CDR3 
^CDR3(R-) 



11 1^ 1^ 



PS PC PE PA CL 



Fig. 3. Binding of the peptide-BSA complexes to the'phospho^ 
lipids. The CDBS'H and CDR3-H (it*) were coupled to biotinylated 
BSA and the resulting peptide-BSA complexes (Sjig/txH) were 
incubated with various ph<^hoHpids (10;/M) (PS. phosphatidyl- 
serine; P€, phosphatidylcholine; PE. imsphalkdyletiia^ PA^ 
phosphatidic acid; CL» cardiolipin) coated onto microtiterpiat» weUs. 
The complexes bound were detected with aUgflHiiff phosphatase- 
conjugated streptavidin. Sach bar represents the mean value ±SD of 
three di£ferent* experim^ts. 



ai^e residue [EGDYDGAMDY. referred to as CDR3- 
H(R-)] were cbiviugated with bibtim-lalieled^fegXJ'bii the 
free cysteine residue at the C-termbus [CDR3-H and 
CDR3-H(R-) complex] and the binding of the peptides to 
various phospholipids was assessed by an ELIjSA and a 
TtC-inuuunostaimng assay. H"; 

In ELISA, the CDR3-H complex bound effectively to PS, 
while CDR3-H(R-) complex did not show any significant 
binding to the phospholipids examined in thier e^y (Fig. 
3). The result indicates that the CDR3-H peptide could 
interact with PS, and that its ai^inine residue is essential 
for the interaction. Neither CDRl-H complex nor CDR2-H 
complex boimd to PS (data hot 'skown)'. The iiiteraction 
between the CDR3-H complex and PS was highly specific 
and the complex did not bind appreciably to a synthetic PS 
an^dog, l,2-diacyl*sn-glycero-3-phospho-D-seMi^Jp^ 4). 
The reactivity of the CDR3-H coiiipiex with thfi'*soluble" 
compounds was evaluated by inhibition of the ELISA (Fig. 
5). Small unilamellar vesicles of PS markedly inhibited the 



s 



f 

flC 




Concentration of CDft3-H complex (^gAnf) 



Fig. 4. Specific bindii^ of the CDB3.H peptide to PS. Ilie wells 
of the imcrotiter plate were coated Ya^eiihe}rl-2'dis^ 
3-phospho-L-serine (ll-PS; O) or l»2-iaiyl-sn-glyc€bro-.3-php^ 
D-serine (D-PS; •) (10;zM). The binding of the CDHS^H-BSA 
complex to the plate -coated phospholipids was examined by ELISA as 
desqibedin-Fig. 3. ' H-'liv.. i ; 




o.oi 0.1 i 10 
Concentration of inhfbltors (mM) 



Inhibition of the binding of CDBS-H pe;»t^ide-BSA l^y 

. ooxnipiez |(|tO\ni[) was 



Fig. 5. 

soluble haptens. The Gb 

preincubated with PS (6), phosphoserine (9)^ or senile (a);* The 
mixtures were transferred to the PS-coated microtiter plate wells and 
the CpR3-H peptide-BSA complex bound was detecteji with per- 
oxidase'cc^'ogated'strepitavidin. ' ' m t l ' ^ 
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(A) 



Phosphatidylserine 
Phosphatidylcholine 
Phosphatldylethanolamine 
Cardiolipin 
Phosphatidic acid 
Phosphatidyttnositol 
Lysophosphattdylser ine 
Alleyrphosphoserine 
50 10 nmol 
(B) 



Fig. 6. TIX:-iminunostaiiiing analyses of the binding of C3)R3- 
M peptide to phospholipids. Various 'phosphoMpids (10 and 50 
nmol) were spotted onto a'HPTLC plate and incubated with the 
biotinylated CDR3-H peptide (A) or CDR3-H peptide-BSA complex 
(B). The peptides bound were detected with streptavidin conjugated 
peroxidase. 



the solid phases. Although we did not measure the affinity 
of the peptide for PS precisely, aqross-^mpetition^aijt^ypis 
usii^ the ELISA showed that the t)rder of the 'ligarKl- 
binding avidities to PS was PS4A7>BSA.conju^ted 
peptide > free peptide (unpublished observations). As a 
resxilt of the low antigen density ton the well^-i>f tlie 
microtiter plates and the extensive washing procedures 
used in the ELISA, the TLC-immunostaining assay appears 
to be more sensitive than the ELISA for i^easudng, the 
binding of low affinity ligands, such as free cSkS-H 
peptide, to phospholipids. 

The present analyses showed that the anti-idiotypic mAb 
Id8F7,^ which was shown to recbgnjize a cbnsensti|» PS- 
binding structure between the PS -specific mAb PS4A7 and 
PKC (JO), bound specifically to the synthetic peptide 
derived from the CDR3 of PS4A7 heavy chain. , TJhe syn- 
thetic peptide was also shown to' bind specifically PS, 
indicating that the peptide sequence may represent a novel 
PS-recognizing peptide motif of the mAb. The peptide will 
provide a useful structural model tOijetudx the nibJfecuLar 
mechanisms of the specific PS-protein interaction and a 
basic structural template to develop a high affinity PS- 
binding peptide to probe the molecular motion of PS in 
biological menibranes. ' * » 



binding, and phosphoserine showed a w:eali^ but significant 
inhibrtion, but ho appreinable inhibition was observed with 
serine. Fifty percent inhibition of the binding of CDR3-H 
complex was observed with 0.01 mM PS and 1.25 mM 
. phosphoserine; In our previous study>watet-aoluble deriv- 
atives, siicK as phosphosierine and glycero-phosphoserine, 
did not inhibit the binding of PS4A7 (S). These observa- 
tions suggest that the CDR3-H peptide pj^ays a major role in 
• the iritefactibn with the phosphoserine reaiiue of the PS 
molecvde and that the secondary interactions between 
PS4A7 and the hydrophobic portion of the antigen molecule 
may a^ect the stability pf the; antibody -antigen complex, 
resulting in the higher affinity binding. 

We also examined the binding to PS of the free CDR3-H 
peptide, which had been directly biotinylated with iodpace- 
V- tyl-LC-brotin at the cysteine residue of the C-terminus. 
However, no significant binding was observed (data not 
shown). The average molecular mass of the CDR3-H-BSA 
complex, wh^ch^ was determined by SQS PAGE , was a^wut 
SOfeDa, indicatiQg that ' in average of about 15 pepiidbs 
were conjugated with BSA. It is likely that the multivalent 
interaction of the CDM-H complex with PS significantly 
' enhances the avidity of the interaction. ' i i 

In contrast to the ELISA, significant binding of the free 
CDR3-H peptide to PS was observed in the TLC- 
inmiunostaining assay. Both the free CDR3:H peptide, and 
the peptade-BSA complex were shown to bmd specifica% 
PS and cross-reacted weakly with lysophosphatidylserine, 
alkylphosphoserine, cardiolipin, and phosphatidic add (Fig. 
, 6). Chir preliminary analysis using isotope^labeled lAos- 
pholipids showed that with the ELISA approximately 0:i 
nmol plate-coated phospholipids (20% of those present in 
the assay system) remained on the plate surf ^ce throug^iout 
the assay proceduTG, whereas with the TLC-iihmunostaiii- 
ing assay ahnost all phospholipids (more than 10 nmol per 
dot) remained on the plates, therefore there was a greater 
than 100- fold difference between the antigen densities on 
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United States Court of Appeals, 
Federal Circuit. 

ENZO BIOCHEM, INC., Plaintiff-Appellant, 

V. 

GEN-PROBE INCORPORATED, 
and 

Chugai Pharma U.S.A., Inc. and Chugai 
Pharmaceutical Co., Ltd., 
and 

Biomerieux, Inc., 
and 

Becton Dickinson and Company, Defendants- 
Appellees, 
and 

Biomerieux SA, Defendant. 

No. 01-1230. 
DECIDED: July 15, 2002. 

Assignee of patent directed to nucleic acid probes 
that selectively hybridize to genetic material of 
bacteria that cause gonorrhea brought patent 
infringement suit against competitors, who moved for 
summary judgment. The United States District Court 
for the Southem District of New York, Alvin K. 
Hellerstein, J., granted motion. Assignee appealed. 
On grant of petition for rehearing, the Court of 
Appeals, Lourie, Circuit Judge, held that: (1) patent's 
reference to deposit in public depository can 
constitute adequate description of claimed material 
for purpose of written description requirement; (2) 
fact issues existed as to whether one skilled in the art 
would view various subsequences, mutations, and 
mixtures of deposited sequences as within scope of 
claims; (3) fact issues existed as to whether deposited 
sequences were representative of broader genus 
claims; (4) fact issues existed as to whether claimed 
sequences were adequately described in terms of 
function; and (5) specification's indication that 
assignee possessed claimed invention by reducing it 
to practice was insufficient alone to meet written 
description requirement. 

Reversed and remanded. 

Petition for rehearing en banc denied. 

Lourie, Circuit Judge, filed an opinion concurring in 
denial of petition for rehearing en banc, in which 
Pauline Newman, Circuit Judge, joined. 



Pauline Newman, Circuit Judge, filed an opinion 
concurring in denial of rehearing en banc. 

Dyk, Circuit Judge, filed an opinion concurring in 
denial of rehearing en banc. 

Rader, Circuit Judge, filed an opinion dissenting 
from denial of rehearing en banc, in which Gajarsa 
and Linn, Circuit Judges, joined. 

Opinion, 285 F.3d 1013. vacated. 



West Headnotes 

111 Patents €^112.5 

291kl 12.5 Most Cited Cases 

A patent is presxmied to be valid, and this 
presumption can be overcome only by facts 
supported by clear and convincing evidence to the 
contrary. 35 U.S.CA. $ 282 . 

]21 Patents €==^314(5) 

291k314(5) Most Cited Cases 

Compliance with the patent statute's written 
description requirement is a question of fact. 35 
U.S.CA. § 112 . 

131 Patents €>==>99 

291k99 Most Cited Cases 

Written description requirement of patent statute calls 
for a written description of an invention separate 
from enablement. 35 U.S.CA. S 112 . 

141 Patents 0=^99 

291k99 Most Cited Cases 

Conq)Hance with the patent statute's written 
description requirement is essentially a fact-based 
inquiry that will necessarily vary depending on the 
nature of the invention claimed. 35 U.S.CA. § 112 . 

151 Patents €===>97 

291k97 Most Cited Cases 

Regulatory guidelines governing internal practice of 
Patent and Trademark Office (PTO) for examining 
patent applications under statutory written description 
requirement, like the Manual of Patent Examining 
Procedure (MPEP), are not binding on Court of 
Appeals, but may be given judicial notice to the 
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extent they do not conflict with the statute. 35 
U.S.CA. $ 112 . 

161 Patents €==^99 

291k99Most Cited Cases 

Patent statute's written description requirement can 
be met by showing that an invention is complete by 
disclosure of sufficiently detailed, relevant 
identifying characteristics i.e., complete or partial 
structure, other physical and/or chemical properties, 
functional characteristics when coupled witih a known 
or disclosed correlation between function and 
structure, or some combination of such 
characteristics. 35 U.S.C.A. § 112 . 

121 Patents C==>99 

291k99 Most Cited Cases 

Reference in patent specification to deposits of 
claimed nucleotide sequences in pubhc depository 
sufficiently described tiiose sequences to the public 
for purposes of patent statute's written description 
requirement; a person of skill in the art, reading the 
accession numbers in the patent specification, could 
obtain claimed sequences firom depository by 
following the appropriate techniques to excise the 
nucleotide sequences fi*om the deposited organisms 
containing those sequences, and, although structures 
of those sequences were not expressly set forth in the 
specification, those structures may not have been 
reasonably obtainable and in any event were not 
known to patent applicant when application was 
filed. 35U.S.C.A. S 112 . 

181 Patents €==^99 

291k99 Most Cited Cases 

Reference in patent specification to a deposit in a 
public depository, which makes its contents 
accessible to the public when it is not otherwise 
available in written form, constitutes an adequate 
description, of the deposited material sufficient to 
comply with the patent statute's written description 
requirement. 35 U.S.C.A. S 112 . 

121 Federal Civil Procedure C=>2508 

170Ak2508 Most Cited Cases 

Genuine issue of material fact as to whether three 
claimed nucleotide sequences placed in public 
depository also described various subsequences, 
mutations, and mixtures of those sequences, which 
allegedly also fell within scope of patent claims, to 



one skilled in the art precluded summary judgment 
for aUeged infiinger, who asserted that such 
substantial breadth of claims would render them 
invahd imder the written description requirement. 35 
U.S.CA.? 112 . 

[101 Federal Civil Procedure €=^2508 

17QAk2508 Most Cited Cases 

Genuine issue of material fact as to whether three 
claimed nucleotide sequences placed in public 
depository were representative, to one skilled in the 
art, of broad genus claims, in patent directed to 
nucleic acid probes that selectively hybridize to the 
genetic material of the bacteria that cause gonorrhea, 
precluded summary judgment for alleged infiinger on 
its claim that genus claims were invalid for failure to 
meet patent statute's written description requirement. 
35U.S.C.A. ^ 112 . 

rill Federal Civil Procedure €=^2508 

170Ak2508 Most Cited Cases 

Genuine issue of material fact as to whether disclosed 
correlation of their function of hybridization v^th 
bacterial DNA strains deposited in public depository 
described claimed nucleotide sequences, in patent 
directed to nucleic acid probes that selectively 
hybridized to genetic material of bacteria that caused 
gonorrhea, even though DNA structures were not 
expHcitiy sequenced, precluded summary judgment 
for alleged infringer on its claim that patent was 
invalid for failure to meet the written description 
requirement. 35 U.S.C.A. § 112 . 

[121 Patents €^99 

291k99 Most Cited Cases 

Fact that claims of patent directed to nucleic acid 
probes that selectively hybridize to the genetic 
material of the bacteria that cause gonorrhea 
appeared in ipsis verbis in the written description did 
not automatically satisfy written description 
requirement of patent statute. 35 U.S.C.A. § 112 . 

1131 Patents €===>99 

291k99 Most Cited Cases 

Even if a patent claim is supported by the 
specification, the language of the specification, to the 
extent possible, must describe the claimed invention 
so that one skilled in the art can recognize what is 
claimed; the appearance of mere indistinct words in 
a specification or a claim, even an original claim. 
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does not necessarily satisfy that requirement. 35 
U.S.QA. S 112 . 

[141 Patents €==^99 

291k99 Most Cited Cases 

A description of what a material does, rather than of 
what it is, usually does not suffice to meet the patent 
statute's written description requirement; disclosure 
must allow one skilled in the art to visualize or 
recognize the identity of the subject matter 
purportedly described. 35 U.S.C.A. § 112 . 

[151 Patents €=>99 

291k99 Most Cited Cases 

Where the words of the patent claim alone do not 
convey an adequate description of the invention, 
regardless of whether the claim appears in the 
original specification and is thus supported by the 
specification as of the filing date, the patent statute's 
written description requirement is not necessarily 
met. 35U.S.C.A. § 112 . 

1161 Patents €^99 

291k99 Most Cited Cases 

If a purported description of an invention does not 
meet patent statute's written description requirement, 
the fact that it appears as an original claim or in the 
specification does not save it; a claim does not 
become more descriptive by its repetition, or its 
longevity. 35 U.S.C.A. ^ 112 . 

[171 Patents €===>99 

291k99 Most Cited Cases 

Mere fact that specification of patent, which was 
directed to nucleic acid probes that selectively 
hybridize to the genetic material of the bacteria that 
cause gonorrhea, indicated that patent holder 
possessed claimed invention by reducing to practice 
three nucleotide sequences within the scope of the 
patent claims and depositing them in public 
depository did not establish that patent met the 
statutory written description requirement. 35 
U.S.C.A. §112 . 

[181 Patents €>=>99 

291k99 Most Cited Cases 

While articulation of written description requirement 
of patent statute in terms of "possession" is useful 
when a patentee is claiming entitlement to an earher 
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filing date, in interferences in which the issue is 
whether a coxmt is supported by the specification of 
one or more of the parties, and in ex parte 
apphcations in which a claim at issue was filed 
subsequent to the apphcation, apphcation of written 
description requirement is not subsumed by the 
"possession" inquiry. 35 U.S.C.A. S 112 . 

[191 Patents €>^99 

291k99 Most Cited Cases 

A showing that the patentee is in "possession" of the 
claimed invention is ancillary to the statutory 
mandate of an adequate written description, and that 
requirement is not met if, despite a showing of 
possession, the specification does not adequately 
describe the claimed invention. 35 U.S.C.A. § 112 . 

[201 Patents €=>99 

291k99 Most Cited Cases 

Although one can show possession of an iaventionby 
means of an affidavit or declaration during 
prosecution, as one does in an interference or when 
one files an affidavit to antedate a reference, such a 
showing of possession does not substitute for a 
written description in the specification, as required by 
patent statute. 35 U.S.C.A. § 112 . 

[211 Patents €=^99 

291k99 Most Cited Cases 

Proof of a reduction to practice, absent an adequate 
description in the specification of what is reduced to 
practice, does not serve to describe or identify the 
invention for piuposes of the patent statute's written 
description requirement. 35 U.S.C.A. § 112 . 

[221 Patents €=^99 

291k99 Most Cited Cases 

Written description requirement is the quid pro quo 
of the patent system; the public must receive 
meaningful disclosure in exchange for being 
excluded fi:om practicing the invention for a limited 
period of time. 35 U.S.C.A. § 112 . 
*959 Richard L. Delucia. Kenyon & Kenyon, of 
New York, NY, filed a petition for rehearing en banc 
for plaintiff-appellant. With him on the petition 
were Charles A. Weiss and Bradley S. Corsello. 

The appellees filed a consoUdated response to the 
petition for rehearing en banc. William F. Lee, Hale 
and Dorr LLP, of Boston, MA, for defendant- 
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appellee Gen-Probe Incorporated. With him on the 
response was William G. McElwain. 

Robert J. Gunther. Jr.. Latham & Watkins, of New 
York, NY, for defendants- *960 appellees Chugai 
Pharma U.S.A., Inc. and Chugai Pharmaceutical Co., 
Ltd. With him on the response was Jef&ey A. 
Tochner. Of counsel was Kurt M. Rogers. 

Daniel A. Boehnen, McDonnell Boehnen Hulbert & 
Berghoff, of Chicago, IL, for defendant-appellee 
Biomerieux, Inc. With him on the response was 
Joshua R. Rich . 

Donald R. Ware, Foley Hoag & EUot LLP, of 
Boston, MA, for defendant- appellee Becton 
Dickinson and Company. With him on the response 
was Barbara A. Fiacco . 

Frank P. Porcelli, Fish & Richardson P.C., of 
Boston, MA, filed a brief for amicus curiae Fish & 
Richardson P.C. Of counsel on the brief were Robert 
E. Hillman and Charles H. Sanders . 

Mark S. Davies, Attorney, Appellate Staff, Civil 
Division, Department of Justice, of Washington, DC, 
filed an amicus curiae brief for the United States in 
support of rehearing en banc. With him on the brief 
were Robert D. McCallum. Jr., Assistant Attorney 
General, and Scott R. Mcintosh, Attomey . Of counsel 
on the brief was John M. Whealan, Solicitor, U.S. 
Patent and Trademark Office, of Arlington, Virginia. 



Before LOURIE, DYK and PROST, Circuit Judges. 



ON PETITION FOR REHEARING 
LOURIE . Circuit Judge. 

Enzo Biochem, Inc. petitions for rehearing of this 
appeal following our prior decision, reported at 285 
F.3d 1013, 62 USP02d 1289 (Fed.Cir.2002) . in 
which we affirmed the decision of the United States 
District Court for the Southern District of New York. 
The district court had granted Gen-Probe 
Incorporated, Chugai Pharma U.S.A., Inc., Chugai 
Pharmaceutical Co., Ltd., Biomerieux, Inc., 
Biomerieux SA, and Becton Dickinson and 
Company's (collectively, "the defendants") motion 
for sxmomary judgment that claims 1-6 of U.S. Patent 
4,900,659 are invalid for failure to meet the written 
description requirement of 35 U.S.C. § 112, H 1 . 
Enzo Biochem, Inc: v. Gen-Probe Inc., No. 99 Civ. 



Page 4 



4548 (S.D.N. Y. Apr. 4, 2001) (fmal order). Having 
considered Enzo's petition for rehearing and the 
defendants' response, [FNl] we have determined that 
our prior decision that a deposit may not satisfy the 
written description requirement was incorrect. We 
therefore grant Enzo's petition for rehearing, vacate 
the prior decision, and reverse the district court's 
grant of summary judgment that Enzo's claims are 
invahd for failure to meet the written description 
requirement. Because genuine issues of material fact 
exist regarding satisfaction of the written description 
requirement, we remand. 



FNl. Amicus curiae briefs were filed by the 
United States Patent and Trademark Office 
and Fish & Richardson P.C. 



BACKGROUND 

Enzo is the assignee of the ' 659 patent which is 
directed to nucleic acid probes that selectively 
hybridize to the genetic material of the bacteria that 
cause gonorrhea, Neisseria gonorrhoeae. N. 
gonorrhoeae reportedly has between eighty and 
ninety-three percent homology with Neisseria 
meningitidis. ' 659 patent , col. 2, 11. 61-64. Such a 
high degree of homology has made detection of N 
gonorrhoeae difficult, as any probe capable of 
detecting A^. gonorrhoeae may also show a positive 
result when only N. meningitidis is present. Enzo 
recognized the need for a chromosomal DNA probe 
specific for N. *961 gonorrhoeae, and it derived 
three such sequences that preferentially hybridized to 
six common strains of N. gonorrhoeae over six 
common strains ofN meningitidis. Id at col. 3, 1. 49 
to col. 4, 1. 14; col. 4, 11. 45-50. The inventors 
believed that if the preferential hybridization ratio of 
N. gonorrhoeae to N. meningitidis were greater than 
about five to one, then the "discrete nucleotide 
sequence [would] hybridize to virtually all strains of 
Neisseria gonorrhoeae and to no strain of Neisseria 
meningitidis.'' Id at col. 12, 11. 60-65. The three 
sequences that the inventors actually derived had a 
selective hybridization ratio of greater than fifty. Id 
at col. 13, 11. 9-15. Enzo deposited those sequences 
in the form of a recombinant DNA molecule within 
an E. coli bacterial host at the American Type 
Culture Collection. Id at col. 13, 11. 27-3 1 . 

Claim 1 is as follows: 
1. A composition of matter that is specific for 
Neisseria gonorrhoeae comprising at least one 
nucleotide sequence for which the ratio of the 
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amount of said sequence which hybridizes to 
chromosomal DNA of Neisseria gonorrhoeae to the 
amount of said sequence which hybridizes to 
chromosomal DNA of Neisseria meningitidis is 
greater than about five, said ratio being obtained 
by a method comprising the following steps; 
. (a) providing a radioactively labeled form of said 
nucleotide sequence; 

(b) providing a serial dilution series of purified 
chromosomal DNA from each of the A^. 
gonorrhoeae strains; (1) ATCC 53420, (2) ATCC 
53421, (3) ATCC 53422, (4) ATCC 53423, (5) 
ATCC 53424, (6) ATCC 53425, and forming test 
dots from each of said dilution series on a matrix; 

(c) providing a serial dilution series of purified 
nucleotide sequences from each of the A^. 
meningitidis strains: (1) ATCC 53414, (2) ATCC 
53415, (3) ATCC 53416, (4) ATCC 53417, (5) 
ATCC 53418, (6) ATCC 53419, and forming test 
dots from each of said dilution series on a matrix; 

(d) hybridizing equal portions of the labeled 
nucleotide sequences to the matrix provided in step 
(b) and (c), respectively; wherein the hybridization 
is conducted in a solution having a salt 
concentration of 2X SSC at (i) 65° C. in cases in 
which the sequence has greater than 50 base pairs 
or (ii) at Tm (° C.) minus 30° C. in cases in which 
the sequence has less than 50 base pairs, wherein 
Tm is the denaturation temperature of the 
sequence; 

(e) quantifying the labeled nucleotide sequence 
hybridized in step (d) to each test dot; 

(f) subtracting from the data of step 

(e) an averaged amoxmt of radioactivity attributable 
to background to obtain a corrected amount of 
hybridized radioactivity at each test dot; 

(g) normalizing the data of step (f) by multiplying 
the amount of corrected radioactivity at each test 
dot by a factor which adjusts the amoimt of 
radioactivity to equal amounts of chromosomal 

. DNA at each test dot; 

(h) selecting two normalized values that are most 
nearly the same and that correspond to adjacent 
members of the dilution series for each of the 
above strains of A^. gonorrhoeae and obtaining the 
average of the selected values; 

(i) selecting two normalized values that are most 
nearly the same and that correspond to adjacent 
members of the dilution series for each of the 
above strains of N meningitidis and *962 obtaining 
the average of the selected values; 

(j) dividing the lowest average obtained in step (h) 
by the highest average obtained in step (i) to obtain 
said ratio. 

M at col. 27, 1. 29 to col. 28, 1. 27 (emphasis 



added). Claims 2 and 3 depend from claim 1 and 
further limit the hybridization ratio to greater than 
about twenty-five and fifty, respectively. Id at col, 
2, IL 27-30. Claim 4 is directed to the three deposited 
sequences (referenced by their accession numbers) 
and variants thereof as follows: 
4. The con:q)osition of claim 1 wherein said 
nucleotide sequences are selected from the group 
consisting of: 

a. the Neisseria gonorroheae [sic] DNA insert of 
ATCC 53409, ATCC 53410 and ATCC 5341 1, and 
discrete nucleotide subsequences thereof, 

b. mutated discrete nucleotide sequences of any of 
the foregoing inserts that are within said 
hybridization ratio and subsequences thereof; and 

c. mixtures thereof. 

Id at col. 28, 11. 31-39. Claim 5 is directed to an 
assay for detection of N gonorrhoeae using the 
composition of claim 1. M at 11. 40-46. Claim 6 
further limits the method of claim 5 to the nucleotide 
sequences that Enzo deposited (z.e., those in claim 4) 
and variants thereof Id at U. 47-56. 

Enzo sued the defendants for infringement of the 
' 659 patent, and the defendants moved for summary 
judgment that the claims were invalid for failure to 
meet the vmtten description requirement of 35 U.S.C. 
§ 112, ^ 1 . The district court, in oral remarks from 
the bench, granted that motion. Tr. of Hr'g at 42, 
Enzo Biochem, Inc. v. Gen-Probe, Inc., No. 99-CV- 
4548 (S.D.N.Y. Jan. 24, 2001). It concluded that the 
claimed conqjosition of matter was defined only by 
its biological activity or function, viz., the ability to 
hybridize to A^. gonorrhoeae in a ratio of better than 
about five with respect to A^. meningitidis, which it 
was held was insufficient to satisfy the § 112, 1 
requirement set forth in this court's holdings in 
Regents o f the University o f Califomia v. Eli Lilly & 
Co.. 119 F.3d 1559. 43 USP02d 1398 
(Fed.Cir. 19971 Piers v. Revel 984 F.2d 1164. 25 
USP02d 1601 (Fed.Cir.l993V and Amsen. Inc. v. 
Chii2ai Pharmaceutical Co., 927 F.2d 1200. 18 
USP02d 1016 (Fed.Ch:.199n . Tr. of Hr'g at 28. 
The court rejected Enzo's argument that the reference 
in the specification to the deposits of biological 
materials in a public depository inherently disclosed 
that the inventors were in possession of the claimed 
sequences. Id. at 35. It distinguished this court's 
precedents concerning deposits as relating to the 
enablement requirement of § 1 12, Tf 1 . Id. at 38-40. 
Enzo appealed to this court; we have jurisdiction 
pursuant to 28 U.S.C ^ 1295faVn . 

DISCUSSION 
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[1 ][ 2 ] Siimmary judgment is appropriate when there 
is no genuine issue of material fact and the moving 
party is entitled to judgment as a matter of law. 
Fed.R.Civ.P. 56(c) : Anderson v. Liberty Lobby. Inc.. 
417 U.S. 242, 247-48. 106 S.Ct. 2505, 91 L.Ed.2d 
202 (1986) . On motion for summary judgment, the 
court views the evidence and any disputed factual 
issues in the hght most favorable to the party 
opposing the motion. Matsushita Elec. Indus. Co. v. 
Zenith Radio Corp., 475 U.S. 574, 587, 106 S.Ct. 
1348, 89 L.Ed.2d 538 (1986) . A patent is presumed 
to be vahd, 35 U,S.C. § 282 (1994), and this 
presumption can be overcome only by facts 
supported by clear and convincing evidence to the 
contrary, see, e.g., WMS Gaming. Inc. v. Int'l Game 
Tech,, 184F.3d 1339, 1355. 51 USP02d 1385. 1396- 
97 (Fed.Cir.1999) . CompHance with the written 
description *963 requirement is a question of fact. 
Vas-Cath Inc. v. Mahurkar, 935 F.2d 1555, 1563. 19 
USP02d 1111, 1116 (Fed.Cir.1991) . 

Enzo argues that the testimony of its expert, Dr. 
Wetmer, raised a genuine factual issue whether the 
reference to the deposits inherently described the 
claimed nucleotide sequences. Enzo also argues that 
its description of the binding affinity of the claimed 
nucleotide sequences satisfies the requirement set 
forth in the Guidelines for Examination of Patent 
Applications Under the 35 U.S.C. 112. ^ 1 "Written 
Description" Requirement, 66 Fed. Reg. 1099 (Jan. 5. 
2001) ('Guidelines"), Enzo asserts that the court 
erred in not evaluating the patentability of the claims 
separately, pointing out that claims 4 and 6 are 
directed to the three deposited sequences and 
variations and mixtures thereof Enzo further asserts 
that the claims per se meet the written description 
requirement because they appear in ipsis verbis in the 
written description. Enzo also argues that this 
court's articulation of the written description 
requirement for genetic material in Eli Lilly should 
not apply to this case because Enzo reduced the 
invention to practice and deposited the derived 
biological materials, thereby demonstrating its 
"possession" of the invention. 

The defendants respond that the district court 
properly granted summary judgment because the 
patent described the claimed nucleotide sequences 
only by their function, which they state is insufficient 
to meet the requirements of § 1 12, f 1 as a matter of 
law, even as to the narrower claims directed to the 
deposited materials. The defendants also assert that 
Dr. Wetmur's opinion that the deposited genetic 
materials could have been sequenced did not cure the 
actual failure of the inventors to identify them by 



some distinguishing characteristic, such as their 
stmcture. Moreover, the defendants point out that 
claims 4 and 6, which are directed to the deposited 
materials? each cover a broad genus of nucleic acids. 
The defendants also urge that in ipsis verbis support 
for the claims in the specification does not per se 
establish con:q)liance with the written description 
requirement. Finally, the defendants assert that the 
district court did not err in its determination that 
Enzo's "possession" of three nucleotide sequences 
that it reduced to practice and deposited nevertheless 
did not satisfy the written description requirement of 
§ 112,11 1. 

[31 [41 The written description requirement of § 112, 

H 1 is set forth as follows: 

The specification shall contain a written 
description of the invention, and of the maimer and 
process of making and using it, in such full, clear, 
concise, and exact terms as to enable any person 
skilled in the art to which it pertains or with which 
it is most nearly connected, to make and use the 
same, and shall set forth the best mode 
contemplated by the inventor of carrying out his 
invention. 

35 U.S.C. § 112. If 1 (1994) (emphasis added). 
We have interpreted that section as requiring a 
"written description" of an invention separate firom 
enablement. Vas-Cath, 935 F.2d at 1563, 19 
USP02d at 1117 (recognizing the severability of the 
"written description" and "enablement" provisions of 
§ 112, If 1). Compliance with the written 
description requirement is essentially a fact-based 
inquiry that will "necessarily vary depending on the 
nature of the invention claimed." Id^ (citing In re 
DiLeone. 58 C.CP.A. 925, 436 F.2d 1404. 1405, 168 
USPO 592. 593 (1971)) . We have also previously 
considered the written description requirement as 
applied to certain biotechnology patents, in which a 
gene material has been defined only by a statement of 
function or result, and have held that *964 such a 
statement alone did not adequately describe the 
claimed invention. Eli Lilly, 119 F.3d at 1568. 43 
USPQ2d at 1406. In Eli Lilly, we concluded that a 
claim to a microorganism containing a hxrnian insulin 
cDNA was not adequately described by a statement 
that the invention included human insulin cDNA. Id. 
at 1567. 43 USP02d at 1405. The recitation of the 
term human insulin cDNA conveyed no 
distinguishing information about the identity of the 
claimed DNA sequence, such as its relevant 
structural or physical characteristics. W We stated 
that an adequate written description of genetic 
material " 'requires a precise definition, such as by 
structure, formula, chemical name, or physical 
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properties,' not a mere wish or plan for obtaining the 
claimed chemical invention/ and that none of those 
descriptions appeared in that patent. Id. at 1566, 43 
USP02d at 1404 (quoting Fiers, 984 F.2d at 117 L 25 
USP02d at 1606y The specification in the Eli Lilly 
case thus did not show that the inventors had 
possession of human insulin cDN A. 

[5] [61 It is not correct, however, that all functional 
descriptions of genetic material fail to meet the 
written description requirement. The PTO has 
issued Guidelines governing its internal practice for 
addressing that issue. The Guidelines, like the 
Manual of Patent Examining Procedure ("MPEP"), 
are not binding on this court, but may be given 
judicial notice to the extent they do not conflict with 
the statute. See Molins PLC v. Textron, Inc. 48 F.3d 
1172, 1180 n. 10, 33 USP02d 1823. 1828 n. 10 
(FedCir. 1995V In its Guidelines, the PTO has 
determined that the written description requirement 
can be met by "show[ing] that an invention is 
complete by disclosure of sufficiently detailed, 
relevant identifying characteristics ... i.e., con^lete or 
partial structure, other physical and/or chemical 
properties, Junctional characteristics when coupled 
with a known or disclosed correlation between 
Junction and structure, or some combination of such 
characteristics." Guidelines, 66 Fed. Reg, at 1106 
(en^hasis added). For example, the PTO would find 
comphance with 112, 1, for a claim to an isolated 
antibody capable of binding to antigen X, 
notwithstanding the functional definition of the 
antibody, in hght of the well defmed structural 
characteristics for the five classes of antibody, the 
functional characteristics of antibody binding, and the 
fact that the antibody technology is well developed 
and mature. Synopsis of Application of Written 
Description Guidelines, at 60, available at http:// 
www.uspto.gov/web/patents/guides.htm {Application 
of Guidelines). Thus, under the Guidelines, the 
written description requirement would be met for all 
of the claims of the ' 659 patent if the functional 
characteristic of preferential binding to A^. 
gonorrhoeae over N. meningitidis were coupled with 
a disclosed correlation between that function and a 
structure that is sufficiently known or disclosed. We 
are persuaded by the Guidelines on this point and 
adopt the PTO's applicable standard for determining 
conq)liance with the written description requirement. 

Applying those principles, we first inquire whether 
Enzo's deposits of the claimed nucleotide sequences 
of claims 4 and 6 may constitute an adequate 
description of those sequences. Secondly, we will 
consider whether the description requirement is met 



for all of the claims on the basis of the fimctional 
ability of the claimed nucleotide sequences to 
hybridize to strains of N. gonorrhoeae that are 
accessible by deposit. 

r7]('8] As to the first question, Enzo asserts that the < 
claimed sequences are inherently described by 
reference to deposits of three sequences that are 
within the *965 scope of its claims. Whether 
reference to a deposit of a nucleotide sequence may 
adequately describe that sequence is an issue of first 
impression in this court. In light of the history of 
biological deposits for patent purposes, the goals of 
the patent law, and the practical difficulties of 
describing unique biological materials in a written 
description, we hold that reference in the 
specification to a deposit in a public depository, 
which makes its contents accessible to the public 
when it is not otherwise available in written form, 
constitutes an adequate description of the deposited 
material sufficient to comply with the written 
description requirement of § 112,11 1- 

The practice of depositing biological material arose 
primarily to satisfy the enablement requirement of § 
1 12, H 1. For example, in In re Arsoudelis, the patent 
application claimed antibiotic confounds that were 
produced by a microorganism. 58 C.C.P.A. 769, 434 
F.2d 1390. 1390, 168 USPO 99. 100 fl970y The 
applicants deposited the microorganism because they 
could not "sufficiently disclose by written word how 
to obtain the microorganism starting material from 
nature." Id at 1392. 168 USPO at 102. By making 
the biological material accessible to the pubHc, they 
enabled the pubhc to make and use the claimed 
antibiotics. Id. at 1393. 168 USPO at 102-03. In 
Ajngen. we noted the relevance of deposit practice to 
satisfaction of the enablement requirement but 
rejected the defendants' argument that a deposit was 
necessary in that case to satisfy the best mode 
requirement of § 112,1] 1. ^ge 927 F.2d at 1210. 18 
USP02d at 1024: see also In re Lundak. 773 F.2d 
1216, 1217. 227 USPO 90, 92 rFed.Cir.1985^ 
(discussing deposit practice primarily in relation to an 
enablement rejection and noting that "[a]n accession 
number and deposit date add nothing to the written 
description of the invention" in the context of proven 
availability of a cell line prior to filing date). 

Recognizing the in^ortance of biological deposits to 
patent practice, the PTO has promulgated rules to 
address the procedural requirements relating to such 
deposits, but it has declined to expressly correlate 
substantive requirements relating to deposits widi 
particular statutory requirements. See Deposit of 
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Biological Materials for Patent Purposes. 53 Fed. 
Reg. 39,420, 39,425 (Oct. 6. 1988) (notice of 
proposed rules) (codified at 37 C.F.R. Part 1) ("The 
rules are not intended to address which requirements 
of 35 U.S.C. 112 may be met by the making of 
deposits."). The Office does offer guidance, 
however, in determining when a deposit may be 
necessary, such as "[w]here the invention involves a 
biological material and words alone cannot 
sufficiently describe how to make and use the 
invention in a reproducible manner." MPEP § 2402 
(8th ed. Aug. 2001). The PTO has also issued a 
regulation stating when a deposit is not necessary, 
i.e., "if it is known and readily available to the public 
or can be made or isolated without undue 
experimentation." 37 C.F.R. § 1.802(b) (2001) . 
Inventions that cannot reasonably be enabled by a 
description in written form in the specification, but 
that otherwise meet the requirements for patent 
protection, may be described in surrogate form by a 
deposit that is incorporated by reference into the 
specification. While deposit in a public depository 
most often has pertained to satisfaction of the 
enablement requirement, we have concluded that 
reference in the specification to a deposit may also 
satisfy the written description requirement with 
respect to a claimed material. 

In this case, Enzo's deposits were incorporated by 
reference in the specification. A person of skill in 
the art, reading the *966 accession numbers in the 
patent specification, can obtain the claimed 
sequences firom the ATCC depository by following 
the appropriate techniques to excise the nucleotide 
sequences firom the deposited organisms containing 
those sequences. ' 659 patent col. 13, 11. 27-36, The 
sequences are thus accessible from the disclosure in 
the specification. Although the stmctures of those 
sequences, i.e., the exact nucleotide base pairs, are 
not expressly set forth in the specification, those 
structures may not have been reasonably obtainable 
and in any event were not known to Enzo when it 
filed its application in 1986. See ' 659 patent col. 3, 
11. 40-46 (noting severe time constraints in 
sequencing DNA). We therefore agree with Enzo that 
reference in the specification to deposits of 
nucleotide sequences describe those sequences 
sufficiently to the pubhc for purposes of meeting the 
written description requirement. 

[91 As the defendants point out, however, Enzo's 
claims 4 and 6 are not limited to the deposited 
sequences. Claim 4 is directed to nucleotide 
sequences that are selected fi:om the group consisting 
of the three deposited sequences, "discrete nucleotide 



subsequences thereof ... mutated discrete nucleotide 
sequences of any of the foregoing inserts that are 
within said hybridization ratio and subsequences 
thereof[,] and ... mixtures thereof." ' 659 patent, col. 
28, 11. 31-39. Claim 6 is also similarly directed to 
the three deposited sequences and subsequences and 
mutated variations thereof. Id_ at 11. 47-56. The 
specification defines a subsequence non-specifically 
as a nucleotide sequence "greater than about 12 
nucleotides." ' 659 patent col. 3, 11. 29-30. As the 
deposited sequences are about 850, 850, and 1300 
nucleotides long, icL at col. 13, 11. 47-49, there are at 
least hundreds of subsequences of the deposited 
sequences, an unknown niunber of which might also 
meet the claimed hybridization ratio. Moreover, 
Enzo's expert, Dr. Wetmur, stated that "astronomical" 
numbers of mutated variations of the deposited 
sequences also fall within the scope of those claims, 
and that such broad claim scope is necessary to 
adequately protect Enzo's invention from copyists 
who could otherwise make a minor change to the 
sequence and thereby avoid infringement while still 
exploiting the benefits of Enzo's invention. The 
defendants assert that such breadth is fatal to the 
adequacy of the written description. On the other 
hand, because the deposited sequences are described 
by virtue of a reference to their having been 
deposited, it may well be that various subsequences, 
mutations, and mixtures of those sequences are also 
described to one of skill in the art. We regard that 
question as an issue of fact that is best resolved on 
remand. rFN21 Because the district coiut's grant of 
summary judgment was based on its conclusion that 
Enzo's deposits could not satisfy the written 
description requirement as a matter of law, we 
reverse the district court's grant of summary 
judgment that claims 4 and 6 are invalid for failure to 
meet the written description requirement. On 
remand, the court should determine whether a person 
of skill in the art would glean fiom the written 
description, including information obtainable firom 
the deposits of the claimed sequences, subsequences, 
mutated variants, and mixtures sufficient to 
demonstrate possession of the generic scope of the 
claims. - 



FN2. We do not address the issue whether 
the breadth of the claim may in:q)licate pther 
validity issues, such as enablement. Only 
written description is before us. 

[101 We next address the question whether the 
compositions of the broader genus claims 1-3 and 5 
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are sufficiently *967 described to meet the 
requirements of § 112, ^ 1, on the basis of Enzo's 
deposits of three sequences. If those sequences are 
representative of the scope of the genus claims, i.e., if 
they indicate that the patentee has invented species 
sufficient to constitute the genera, they may be 
representative of the scope of those claims. See In re 
Smvthe, 480 F.2d 1376, 1383, 178 USPQ 279. 284-85 
fCCPA 1973) (discussing circumstances in v^hich a 
species may be representative of and therefore 
descriptive of genus claims). Because the district 
court concluded that the deposited sequences were 
not themselves described, it did not determine 
whether that description was representative of the 
genera in those claims. Such determination should 
be made on remand. 

When we addressed a similar issue in EH Lilly, we 
determined that a disclosure of the sequence of rat 
cDNA was not descriptive of the broader invention 
consisting of mammahan and vertebrate cDNA, 
although it was a species falling within the scope of 
those claims. Eli Lilly, 119 F.3d at 1567-68, 43 
USP02d at 1405. In Eli Lilly, the specification and 
generic claims to all cDNAs encoding for vertebrate 
or mammalian insulin did not describe the claimed 
genus because they did not set forth any common 
features possessed by members of the genus that 
distinguished them from others. Id. at 1568, 43 
USPQ2d at 1405. Nor did the specification describe 
a sufficient number of species within the very broad 
genus to indicate that the inventors had made a 
generic invention, i.e., that they had possession of the 
breadth of the genus, as opposed to merely one or 
two such species. Id. The PTO has included a 
hypothetical example based on the facts of Eli Lilly in 
its Synopsis of Application of Written Description 
Guidelines in which the description requirement is 
not met. See Application of Guidelines, Example 17, 
at 61-64. The PTO has also provided a contrasting 
example of genus claims to nucleic acids based on 
their hybridization properties, and has determined 
that such claims may be adequately described if they 
hybridize under highly stringent conditions to known 
sequences because such conditions dictate that all 
species within the genus will be stmcturally similar. 
See id., Example 9, at 35-37. Whether the disclosure 
provided by the three deposits in this case, coupled 
with the skill of the art, describes the genera of 
claims 1-3 and 5 is a fact question the district court 
did not address.. On remand, the district coiort should 
determine, consistently with the precedent of this 
court and the PTO's Guidelines, whether one skilled 
in the art would consider the subject matter of claims 
1-3 and 5 to be adequately described, recognizing the 



significance of the deposits and the scope of the 
claims. 

mi Enzo argues that all of the claims are adequately 
described on another basis, yiz., by means of the 
disclosed correlation of the function of hybridization 
with the bacterial DNA. In its petition for rehearing, 
Enzo states as attomey argument that "[t]he. 
description and claiming of biological materials by 
their affinity to other materials that are clearly 
identified in the specification and claims (the 
particular deposited strains of A^. gonorrhoeae and N. 
meningitidis ) inherently specifies structure, and is 
routine in this field." Claim I sets forth the deposit 
numbers of six strains of N. gonorrhoeae to which 
the claimed nucleotide sequences preferentially 
hybridize, as well as the deposit numbers of six 
strains of N. meningitidis that are thereby 
distinguished. Again, as with the claimed nucleotide 
sequences, the sequences of the genomic DNA of 
those bacteria are not disclosed, perhaps because 
such sequencing would have been unduly 
burdensome at the time of Enzo's invention. '*968 
659 patent, col. 3, 11. 40-46 (noting that it would take 
3,000 scientists one month to sequence the genome of 
one strain of A^. gonorrhoeae and one strain oLN. 
meningitidis). However, as those bacteria were 
deposited, their bacterial genome is accessible and, 
under our holding today, they are adequately 
described in the specification by their accession 
numbers. Because the claimed nucleotide sequences 
preferentially bind to the genomic DNA of the 
deposited strains of N. gonorrhoeae and have a 
complementary structural relationship with that 
DNA, those sequences, under the PTO Guidelines, 
may also be adequately described. Although the 
patent specification lacks description of the location 
along the bacterial DNA to which the claimed 
sequences bind, Enzo has at least raised a genuine 
issue of material fact as to whether a reasonable fact- 
finder could conclude that the claimed sequences are 
described by their abihty to hybridize to structures 
that, while not explicitly sequenced, are accessible to 
the public. Such hybridization to disclosed 
organisms may meet the PTO's Guidelines stating 
that functional claiming is permissible when the 
claimed material hybridizes to a disclosed substrate. 
That is a fact question. We therefore conclude that 
the district court erred in granting summary judgment 
that the claims are invahd for failure to meet the 
written description requirement. On remand, the 
court should consider whether one of skill in the art 
would find the generically claimed sequences 
described on the basis of Enzo's disclosure of the 
hybridization function and an accessible structure. 
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consistent with the PTO Guidelines. If so, the 
written description requirement would be met. 

ri2ir i3 ir i4 1 we next address Enzo's additional 
argument that the written description requirement for 
the generic claims is necessarily met as a matter of 
law because the claim language appears in ipsis 
verbis in the specification. We do not agree. Even 
if a claim is supported by the specification, the 
language of the specification, to the extent possible, 
must describe the claimed invention so that one 
skilled in the art can recognize what is claimed. The 
appearance of mere indistinct words in a specification 
or a claim, even an original claim, does not 
necessarily satisfy that requirement. One may 
consider examples from the chemical arts. A 
description of an anti-inflammatory steroid, i.e., a 
steroid (a generic structural term) described even in 
terms of its function of lessening inflammation of 
tissues fails to distinguish any steroid from others 
having the same activity or function. Similarly, the 
expression an antibiotic penicillin fails to distinguish 
a particular penicillin molecule from others 
possessing the same activity. A description of what 
a material does, rather than of what it is, usually does 
not suffice. EH Lilly, 119 F.3d at 1568. 43 USP02d 
at 1406. The disclosure must allow one skilled in the 
art to visualize or recognize the identity of the subject 
matter purportedly described. Id, 

[15] [ 16 ] In Eli Lilly, we were faced with a set of 
facts in which the words of the claim alone did not 
convey an adequate description of the invention. Id. 
at 1567. 119 F.3d 1559, 43 USPQ2d at 1405. In 
such a situation, regardless whether the claim appears 
in the original specification and is thus supported by 
the specification as of the filing date, § 112, 1| 1 is 
not necessarily met. See Guidelines at 1 1 00 (noting 
Eli Lilly 's clarification of the "original claim" 
doctrine in situations in which the name of the 
claimed material does not convey sufficient 
identifying information). If a purported description of 
an invention does not meet the requirements of the 
statute, the fact that it appears as an original claim or 
in the specification does *969 not save it. A claim 
does not become more descriptive by its repetition, or 
its longevity. 

[17] Inasmuch as 112, 1 requires such description, 
we are not persuaded by Enzo's argument that, 
because the specification indicated that Enzo 
possessed the claimed invention by reducing three 
sequences within the scope of the claims to practice, 
Enzo necessarily described the mvention. It is true 
that in Vas-Cath, we stated: "The purpose of the 



'written description' requirement is broader than to 
merely explain how to 'make and use'; the applicant 
must also convey with reasonable clarity to those 
skilled in the art that, as of the filing date sought, he 
or she was in possession of the invention." Vas-Cath, 
935 F.2d at 1563-64, 19 USP02d at 1117. That 
portion of the opinion in Vas-Cath: however, merely 
states a purpose of the written description 
requirement, viz., to ensure that the applicant had 
possession of the invention as of the desired filing 
date. It does not state that possession alone is 
always sufficient to meet that requirement. 
Furthermore, in Lockwood v. American Airlines. Inc., 
we rejected Lockwood's argument that "all that is 
necessary to satisfy the description requirement is to 
show that one is 'in possession' of tie invention." 
107 F.3d 1565, 1572, 41 USP02d 1961, 1966 
fFed.Cir.1997) . Rather, we clarified that the written 
description requirement is satisfied by the patentee's 
disclosure of "such descriptive means as words, 
stmctures, figures, diagrams, formulas, etc., that fully 
set forth the claimed invention." Id. 

fl8H'l9H'201 The articulation of the written 
description requirement in terms of "possession" is 
especially meaningfiil when a patentee is claiming 
entitlement to an earlier filing date under 35 U.S.C. § 
§ 119 or 120, in interferences in which the issue is 
whether a count is supported by the specification of 
one or more of the parties, and in ex parte 
applications in which a claim at issue was filed 
subsequent to the application. See Vas- Catk 935 
F.2d at 1560, 19 USP02d at 1114 (describing 
situations in which the written description 
requirement may arise); Ralston Purina Co. v. Far- 
Mar- Co. Inc.. 772 F.2d 1570, 1575, 227 USPO 177, 
179 (Fed.Cir.1985) (noting, in the context of 
claiming entitlement to the priority date of an earlier 
apphcation, that the written description requirement 
is met if "the disclosure of the application relied upon 
reasonably conveys to the artisan that the inventor 
had possession at that time of the later claimed 
subject matter"). Application of the written 
description requirement, however, is not subsumed 
by the "possession" inquiry. A showing of 
"possession" is ancillary to the statutory mandate that 
"[t]he specification shall contain a written description 
of the invention," and that requirement is not met if, 
despite a showing of possession, the specification 
does not adequately describe the claimed invention. 
After all, as indicated above, one can show 
possession of an invention by means of an affidavit 
or declaration during prosecution, as one does in an 
interference or when one files an affidavit under 37 
C.F.R. § 1.131 to antedate a reference. However, 
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such a showing of possession alone does not cure the 
lack of a written description in the specification, as 
required by statute. 

f21]r221 Similarly, we conclude that proof of a 
reduction to practice, absent an adequate description 
in the specification of what is reduced to practice, 
does not serve to describe or identify the invention 
for purposes of § 112, T[ 1. As with "possession," 
proof of a reduction to practice may show priority of 
invention or allow one to antedate a reference, but it 
does not by itself provide a written description in the 
patent specification. We are thus not persuaded 
*970 by Enzo's argument, relying on tiie PTO's 
Guidelines, that its disclosure of an actual reduction 
to practice is an important "safe haven" by which it 
has demonstrated conpliance with the description 
requirement. The Guidelines state: 
Actual reduction to practice may be crucial in the 
relatively rare instances where the level of 
knowledge and level of skill are such that those of 
skill in the art cannot describe a composition 
structurally, or specify a process of making a 
composition by naming components and 
combining steps, in such a way as to distinguish 
the composition with particularity from all others. 
Guidelines, 66 Fed. Reg, at 1101. For biological 
inventions, for which providing a description in 
written form is not practicable, one may nevertheless 
comply with the written description requirement by 
publicly depositing the biological material, as we 
have held today. That compliance is groimded on 
the fact of the deposit and the accession number in 
the specification, not because a reduction to practice 
has occurred. Such description is the quid pro quo 
of the patent system; the public must receive 
meaningful disclosure in exchange for being 
excluded from practicing the invention for a limited 
period of time. 

CONCLUSION 

For the foregoing reasons, we conclude that the 
district court erred in granting simimary judgment 
that the claims of the 659 patent are invalid for 
failure to meet the written description requirement of 
112, 1. While the district judge clearly understood 
and correctly applied this courts existing precedent, 
we nevertheless reverse because this case has taken 
us into new territory and we have held, as a matter of 
first impression, that reference in a patent 
specification to a deposit of genetic material may 
suffice to describe diat material. We therefore 
remand for further resolution consistent with this 
opinion. 



REVERSED and REMANDED 

ORDER 
July 15,2002. 

A petition for rehearing was filed by the plaintiff- 
appellant, and a response thereto was invited byv,the 
court and filed by the defendants-appellees. The 
United States Patent and Trademark Office and Fish 
& Richardson P.C. filed briefs as amici curiae. This 
matter was referred first to the merits panel that heard 
this appeal, which vacated its earlier decision and 
prepared a revised decision for issuance. Thereafter, 
at Ihe request of a non-panel judge, an en banc poll 
was conducted concerning whether the appeal ought 
to be heard en banc. The poll failed. Circuit Judges 
RADER, GAJARSA, and LINN would have heard 
the appeal en banc. 

Upon consideration thereof, 

IT IS ORDERED THAT: 

The petition for rehearing is granted as set forth in 
the panel opinion issued concurrently with this order. 

LOURIE. Circuit Judge, with whom PAULINE 
NEWMAN, Circuit Judge, joins, filed an opinion 
concurring in the court's decision not to hear the case 
en banc. 



PAULINE NEWMAN, Circuit Judge, filed an 
opinion concurring in that decision. 

DYK. Circuit Judge, filed an opinion concurring in 
that decision. 



RADER, Circuit Judge, with whom GAJARSA and 
LINN, Circuit Judges, join, filed an opinion 
dissenting from that decision. 

*971 LINN, Circuit Judge, with whom RADER and 
GAJARSA, Circuit Judges, join, filed an opinion 
dissenting from that decision. 

ON DENLVL OF PETITION FOR REHEARING EN 
BANC 
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LOURIE , Circuit Judge, with whom PAULINE 
NEWMAN, Circuit Judge, joins, concurring in the 
court's decision not to hear the case en banc. 

I agree that the court correctly declined to hear this 
case en banc. 

First, it is in:q>ortant to note that the earlier panel 
majority, in response to the petition for rehearing, has 
reversed its earher decision. Taking the case en 
banc would therefore delay and hence jfrustrate the 
remand of the case solely for the purpose of revising 
written description law. That law is sound and does 
not need revision, at least as proposed by the dissents. 

The dissenters beheve that the written description 

requirement is simply a requirement for enablement. 

With all due respect, that is incorrect. The complete 

statutory provision is as follows: 

The specification shall contain a written 
description of the invention, and of the manner and 
process of making and using it, in such full, clear, 
concise, and exact terms as to enable any person 
skilled in the art to which it pertains or with which 
it is most nearly cormected, to make and use the 
same, and shall set forth the best mode 
contemplated by the inventor of carrying out his 
invention. 

35U.S.C. § 112,^ 1 (1994) (emphasis added). I 
read the statute so as to give effect to its language. 
The statute states that the invention must be 
described. That is basic patent law, the quid pro quo 
for the grant of a patent. Judge Rader notes tiiat 
historically the written description requirement 
served a purpose when claims were not required. 
While that may be correct, when the statute began 
requiring claims, it was not amended to delete the 
requirement; note the comma between the 
description requirement and the enablement 
provision, and the "and" that follows the comma. 
Judge Rich, whom Judge Rader cites, was in fact one 
of the earliest interpreters of the statute as having 
separate enablement and written description 
requirements. Tn re Rusclm, 54 C.C.P.A, 155L 379 
F.2d 990, 995-996. 154 USPQ 118, 123 
(C.C.P.A.1967) : Vas~Cath Inc. v. Mahurkar. 935 
F.2d 1555. 1563. 19 USP02d lllK 1117 
(Fed.Cir.1991) . The basic requirement to describe 
one's invention was recently errq)hasized as an 
independent patentability requirement by the 
Supreme Court in Festo: 
In addition, the patent application must describe, 
enable, and set forth the best mode of carrying out 
the invention. S 112 (1994 ed.). These latter 
requirements must be satisfied before issuance of 



the patent, for exclusive patent rights are given in 
exchange for disclosing the invention to the public. 
See Bonito Boats. 489 U.S. at 150-151 109 S.Ct. 
971. What is claimed by the patent application 
must be the same as what is disclosed in the 
specification; otherwise the patent should not 
issue. 

Festo Corp: v. Shoketsu Kinzoku Kosyo Kabushiki 
Co.. 535 U.S. 722. 122 S.Ct. 1831. 1840. 152 
L.Ed.2d 944 (2002) (emphases added). 

It is said that applying the written description 
requirement outside of the priority context was novel 
until several years ago. Maybe so, maybe not; 
certainly such a holding was not precluded by statute 
or precedent. New interpretations of old statutes in 
light of new fact situations occur all the time. I 
believe these issues have arisen in recent years for the 
same reason that more doctrine of equivalents *972 
issues are in the coxuts, viz., because perceptions that 
patents are stronger tempt patent owners to try to 
assert their patents beyond the original intentions of 
the inventors and their attorney. That is why the 
issues are being raised and that is why we have to 
decide them Claims are now being asserted to cover 
what was not reasonably described in the patent. 

Moreover, the dissenters would limit the 
requirement, to the extent that they credit the written 
description portion of the statute as being a separate 
requirement at all, to priority issues. The statute 
does not say "a written description of the invention 
for purposes of pohcing priority." While it has 
arisen primarily in cases involving priority issues. 
Congress has not so limited the statute, and we have 
failed to so limit it as well. As for the lack of earlier 
cases on this issue, it regularly happens in 
adjudication that issues do not arise xmtil counsel 
raise them, and, when that occurs, courts are then 
required to decide them Even now, a written 
description issue should not arise unless a patentee 
seeks to have his claims interpreted to include subject 
matter that he has not adequately disclosed in his 
patent. Although it is true that the written 
description requirement has been applied rigorously 
in some recent cases, I do not believe that any of 
those cases were decided wrongly. The losing 
patents (or applications) involved did not adequately 
disclose what was claimed: a particular ratio of 
variables, Purdue Pharma LP. v. Fauldins Inc., 230 
F.3d 1320, 1327. 56 USPQ2d 148K 1487 
(Fed. Cir. 2000) : a sofa with controls other than on the 
console. Gentry Gallery, Inc. v. Berkline Corp., 134 
F.3d 1473. 1480, 45 USP02d 1498. 1503- 1504 
(Fed.Cir.1998) : a cup other than a conical cup. 
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Tronzo v. Biomet Inc., 156 F.3d 1154. 1159-60. 47 
USP02d 1829. 1833-34 fFed.Cir.1998) : human 
insulin cDNA, Regents of the Univ. of Cal v. Eli 
Lilly & Co.. 119 F.3d 1559. 1567. 43 USP02d 1398. 
1405 rFed.Cir.1997) : or beta-interferon, Fiers v. 
Reyel 984 F.2d 1164. 1171. 25 USP02d 1601. 1606 
(Fed.Cir.1993) . Interpretation of written description 
as this court has done furthers the goal of the law to 
have claims commensurate in scope with what has 
been disclosed to the public. 

I believe that the dissenters miss the point in seeing 
this case as involving an original claim or in ipsis 
verbis issue. There is no question that an original 
claim is part of the specification. That was the 
question answered in the affirmative by In re 
Gardner, 480 F.2d 879. 178 USPO 149 
('C.C.P.A.1973). in which the CCPA found 
compliance with the written description requirement 
over the objection of the PTO Commissioner, who 
argued that an original claim should not be 
considered part of the written description unless the 
specification was amended to contain the subject 
matter of the original claim However, the question 
here is whether the disclosure, as an original claim, or 
in the specification, [FN*] adequately describes the 
invention. It is incorrect that the mere appearance of 
vague claim language in an original claim or as part 
of the specification necessarily satisfies the written 
description requirement or shows possession of a 
generic invention. 

FN* Enzo's claim 1 is actually not an 
original claim. It was amended to include 
language appearing in the original 
specification and it thus appears in ipsis 
verbis in the specification. 

Not only are we not entitled to ignore the statutory 
written description requirement, but our court has 
not. Earlier cases also upheld a separate written 
description requirement, and the fact that they may 
have pertained to priority disputes does not vitiate 
their basic requirement to disclose one's invention. 
Section 112. paragraph *973 1, does not limit itself to 
priority disputes. I thus believe it is incorrect, as 
Judge Rader states, that our cases have limited the 
written description/new matter doctrine to priority 
protection. Opinions explain the decisions on the 
issues that come before them on the facts presented; 
those cases have not expressly limited the written 
description requirement to priority issues, and in fact 
they emphasize that the requirement arises in a 
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"variety of situations." In re Wright, 866 F.2d 422. 
424. 9 USP02d 1649. 1651 rFed.Cir.1989) . Any 
language seemingly appearing to limit the language 
to priority issues does so because it addresses a 
priority issue that was before it. Other broad 
language is not binding holding on different facts and 
raising different issues. Courts do not, or should not, 
purport to write treatises on the law, outlining all 
aspects of a statute that comes before them They 
decide issues raised in light of the decision being 
reviewed. 

Moreover, even if written description is related to 
and overlaps with "new matter," so what? One can 
fail to meet the requirements of the statute in more 
than one maimer, and in any event the case cited as 
equating those two requirements in fact distinguishes 
§ § 112 and 132 as concerning: (1) claims not 
supported by the disclosure; and (2) the prohibition 
of new matter to the disclosure, respectively. In re 
Rasmussen. 650 F.2d 1212. 1214-15. 211 USPO 323. 
326 (C.C.P.A.1981) . Rasmussen states that "[t]he 
proper basis for rejection of a claim amended to 
recite elements thought to be without support in the 
original disclosure, therefore, is § 112. first 
paragraph, not ? 132 ." IcL s 

In addition, we do not "elevate 'possession' to the 
posture of a statutory test of patentability." Rather, 
the opinion refines the "possession" test for 
circumstances such as these in which the inventors 
showed possession of a species of the invention by 
reference to a deposit, but may not have described 
what else within the scope of the claims they had 
possession of. While "possession" is a relevant 
factor in determining whether an invention is 
described, it is only a criterion for satisfying the 
statutory written description requirement. Showing 
possession is not necessarily equivalent to providing 
a written description. 

Judge Rader's dissenting opinion cites authors who 
disapprove of our decisions. While views of 
knowledgeable and objective commentators are 
surely of interest to this court, we should not interpret 
the law based on taking polls of discontented writers. 
Our commission is to apply the law to the facts and 
attempt to explain the reasons for our decisions. 
Critical articles may be written by those who have 
lost a case, or those who are skilled in a particular 
technology or not, or those who have Uttle practical 
experience or who are seasoned experts. While 
Judge Rader cites articles critical of Lilly, others are 
favorable. Not surprisingly, an author fiom Eli Lilly 
took a positive view of the case. See Mark J. 
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Stewart (patent associate at Eli Lilly), Note, The 
Written Description Requirement of 35 U.S.C. § 
112(1): The Standard After Regents of the University 
of California v. Eli Lilly & Co., 32 Ind. L.Rev. 537, 
563 0999) ("[T]he holding in LiUx actually avoided a 
disaster that would have crippled the biotechnology 
industry. The enormous amount of time and money 
companies spend to study DNA and protein variants, 
to clone homologous genes and protein family 
members, and to mine databases would no longer be 
justified had the court found the written description 
in '525 adequate."). 

Other authors support a robust written description 
requirement and point out the benefits of such a 
requirement to the public. *97^ See, e.g., Scott A. 
Chambers, "Written Description" and Patent 
Examination Under the U.S. Patent and Trademark 
Office Guidelines, IP Litigator, Sept.-Oct.2000, at 9, 
10 ("Thus, the Federal Circuit's present interpretation 
of the written description requirement maintains the 
vitality of the U.S. patent system and provides 
disclosures that others can build on. By suggesting 
that disclosure of the structure or actual sequence of 
complex chemical entities may sometimes be 
required, the Federal Circuit may have advanced the 
goal of the patent system to actually put the claimed 
invention into the hands of the public."); Margaret 
Sampson, The Evolution of the Enablement and 
Written Description Requirements under 35 US.C $ 
112 in the Area of Biotechnology, 15 Berkeley Tech. 
L.L 1233. 1260-61 (2000) ("Without a heightened 
written description requirement, inventors could 
receive patent rights to sequences of which they have 
no knowledge, in organisms with which they have 
never worked.... Therefore, the Federal Circuit's 
approach to the written description requirement in the 
area of biotechnology has prevented nucleotide 
sequence claims from becoming a Pandora's box that 
the patent law is unable to control"). In any event, 
we decide cases as they come to us, based on the 
arguments raised, the decisions below, the law, the 
facts, and our best efforts, not based on occasional 
journal articles. 

Since some of the cases implicated by this issue are 
in the biotech field, I should point out that, among the 
problems in comprehension of the issues in a biotech 
context is that a functional description of DNA does 
not indicate which DNA has been invented. And 
simply acknowledging the presence of a DNA that 
serves a particular function, whose existence has 
been postulated since, perhaps, Mendel, plus a 
general process for finding it, is not a description of 
the DNA. It is a research plan at best,, and does not 



show "possession" of any invention. 

Still, in terms of the more practical aspects of 
complying with the statute, meeting the description 
requirement is the first task in drafting a patent 
application. Enabling one of skill in the art to make 
and use the invention is a separate requirement. To 
interpret the written description requirement only as 
an enablement provision is to let the tail wag the dog. 
Perhaps there is little difference in electrical and 
mechanical inventions between describing an 
invention and enabling one to make and use it, but 
that is not true of chemical and chemical-like 
inventions. 

Enzo's patent claimed a genus of chemical-like 
materials (a sequence of nucleic acids is of a 
chemical nature-note the claims begin with "a 
composition"). Although one may envision a 
general concept, what one usually does first in 
making or isolating a chemical or chemical-related 
invention is to obtain a specific material or materials. 
One then broadens the concept to extend it as far as 
one envisions that other materials will have the same 
utility and can be similarly made. That broadened 
concept becomes the genus in a patent appHcation 
that is both the broadest statement constituting a 
written description and usually claim 1. One then 
elaborates to fill in the genus with representative 
exan^les of compoimds or substances that fall within 
the genus. That is part of the written description 
needed to support the generic claim. Then, one tells 
how to make the materials, and then how to use them 
That is enablement, separate in concept firom 
describing what the invention is. The idea that there 
is no requirement in the statute to describe one's new 
invention (aside from the fact that the language of the 
statute contains one) separate firom the requirement to 
enable one to make and use it is not correct. 
Disclosure *975 is the first role of a patent. One 
must first state what one's invention is. That is quite 
different fi-om telling how to make and use it. 

Some commentators have had difficulty in 
understanding how one may have enabled an 
invention, but not described it. They believe they 
must coincide. As an example of how the written 
description and enablement provisions differ in 
chemistry, however, one may readily have enabled 
the making of an invention, but still not have 
described it. For example, a propyl or butyl 
compound may be made by a process analogous to a 
disclosed methyl compound, but, in the absence of a 
statement that the propyl and butyl con:ipounds are 
part of the invention, they have not been described 
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and they are not entitled to a patent (I make no 
implication here about coverage under the doctrine of 
equivalents). See In re DiLeone, 58 C.C.P.A. 925, 
436 F.2d 1404, 1405 n. 1, 168 USPO 592. 593 n. 1 
(19711 ("[C]onsider the case where the specification 
discusses only compoimd A and contains no 
broadening language of any kind. This might very 
well enable one skilled in the art to make and use 
compounds B and C; yet the class consisting of A, B 
and C has not been described."). This is surely part 
of the recent history of some biotechnology patents. 

In sum, we have evolved a consistent body of law 
over a number of years, based on the statute and basic 
principles of patent law. I see no reason to hear this 
case en banc and rewrite the statute. 



PAULINE NEWMAN, Circuit Judge, concurring in 
the denial of rehearing en banc. 

I join Judge Lourie's statement, and write separately 
to emphasize my concern with the position of the 
dissent concerning the law of written description. 
The description of the invention has always been the 
foundation of the patent specification. It sets forth 
what has been invented, and sets boundaries of what 
can be claimed. The theory of the dissent that a 
description of the invention is not needed in order to 
support the claims, but serves only to antedate prior 
art or establish priority in an interference, is a 
dramatic innovation in the theory and practice of 
patents. It has never been the sole purpose of the 
description requirement, and negates not only the 
logic but also the history of patent practice. The 
dissent's citation of cases in which the description of 
the invention has been relied on to antedate 
references and in interference contests reinforces, not 
reduces, the role of the description of the invention in 
establishing what has been invented. 

The dissent argues that the subject matter that is 
intended to be patented need not be described, as 
long as it is enabled. Undoubtedly, in many patents 
these requirements are met by the same information 
content. And the special case of the biological 
deposit is a method of complying with the statutory 
requirements, as the panel now confirms; this 
expedient implements the statute for this special 
subject matter, but does not change it. It is not the 
law that the description of the invention serves only 
to estabUsh priority, to be iavoked only when priority 
is at issue. The invention that is covered by the 
claims must be described as well as enabled, as the 



statute has always required. 



DYK, Circuit Judge, concurring in the court's 
decision not to hear the case en banc. 

The opinions of Judges Newman, Lourie, Rader, and 
Linn concerning the denial of en banc rehearing raise 
important and interesting questions, including 
questions concerning the correctness of our earlier 
*976 decision in Resents of the University of 
California v. Eli Lilly & Co.. 119 F.3d 1559. 43 
USP02d 1398 fFed.Cir.1997). cert denied, 523 U.S. 
1089. 118 S.Ct 1548, 140 L.Ed.2d 695 (1998) . that 
may someday warrant the court's en banc attention. 
Given the panel's decision on rehearing, remanding 
for fiurther consideration by the district court, this is 
not the appropriate occasion for en banc review. 
The court will also benefit fi-om fiirther percolation of 
these issues before they are addressed by the full 
court. 



RADER . Circuit Judge, with whom GAJARSA and 
LINN. Circuit Judges, join, dissenting from the 
court's decision not to hear the case en banc. '■: 

The tortuous path of this case shows the perils of 
ignoring the statute and over thirty years of consistent 
written description case law [FNl] . The first version 
of this opinion, Enzo Biochem. Inc. v. Gen-Probe, 
Inc., 285 F.3d 1013. 62 USP02d 1289 
(Fed.Cir.2002V purported to invalidate a patent 
because the inventor had not shown "possession of 
the invention" for written description. See, Vas-Cath 
Inc. V. Mahurkar, 935 F.2d 1555. 1564. 19 USP02d 
nil. 1117 (Fed.Cir.199n . As this court now 
acknowledges, an inventor can hardly show 
possession of an invention better than by depositing 
the invention in an internationally recognized 
repository. This court corrects part of the mistake of 
Enzo L Yet the court still remands to the district court 
to reexamine the written description requirement. 
Because' the written description requirement as 
created and applied for thirty years does not apply to 
this case, I would grant en banc review and correct 
the rest of this court's misapplication of the 
description requirement. 



FNl. An appendix at the close of this 
opinion will briefly explicate all written 
description cases from its creation in 1967 in 
the Coinl of Customs and Patent Appeals to 
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the present. This appendix shows that only 
two cases, this ENZO case and the 1997 
LILLY case have purported to apply the 
doctrine outside its purpose and function. 



Statute 

Because the greater mistake in this case is 
misapplication of this court's written description case 
law, this opinion devotes only a few paragraphs to 
the statutory interpretation question. The United 
States' brief as amicus curiae in support of rehearing 
en banc states concisely this Enzo opinion's disregard 
for the statute: 
A straightforward reading of the text of section 112 
suggests that the test for an adequate written 
description is whether it provides enough written 
information for others to make and use the 
invention. The statute provides that the 
"specification shall contain a written description of 
the invention ... in such full, clear, concise, and 
exact terms as to enable any person skilled in the 
art ... to make and use the same." 35 U.S.C. § 112 
5L_1. Thus, an adequate written description assxires 
that others can "make and use" the invention. 
rFN21 



FN2, This court rejected the 
"straightforward reading" of the statute in 
Vas-Cath because the written description 
(WD) doctrine was a priority control, not the 
general disclosure doctrine of enablement. 
See, Vas- Catk 935 F.2d 1555. Within the 
proper purpose of WD, Vas-Cath makes 
sense. When applied outside the priority 
context as a general disclosure doctrine, 
however, WD cannot depart from the 
enablement test without replacing it. Thus, 
the United States advocates application of 
the statutory standard of enablement. 

If it is possible to characterize disregard of statutory 
text as a secondary mistake, this case fits that 
classification. The more important problem is 
disregard for the case law that originated the written 
description requirement and applied it for over thirty 
years. 

*977 Origin and History of the Written Description 
Requirement 

The words "written description" first appeared in the 
Patent Act of 1793. At that time, of course, patents 



did not require claims but only a written description 
sufficient "to distinguish [the invention] from all 
other things before known or used." In Evans v. 
Eaton, 20 U.S. (7 Wheat.) 356. 5 L.Ed. 472 (1822), 
the Supreme Court construed the description 
language to require applicants to enable their 
inventions and to provide the notice function of 
claims: 

[After enablement,] [t]he other object of the 
specification is to put the public in possession of 
what the party claims as his own invention, so as to 
ascertain if he claims any thing that is in common 
use, or is akeady known ... 

Id, at 433. In later enactments, this notice function 
was assigned to claims, leaving enablement as the 
only purpose of the "written description" language. 
As noted in the United States' brief, the modem 
descendant of the 1793 phrase still requires only a 
written description "in such ... terms as to enable [the 
invention]." 35 U.S.C. $ 112 . In J.EM.AGSuvvlv, 
the Supreme Court acknowledged only enablement as 
the disclosure quid pro quo of the Patent Act: "In 
addition [to novelty, utility, and nonobviousness], to 
obtain a utility patent, a breeder must describe the 
plant with sufficient specificity to enable others to 
'make and use' the invention after the patent term 
expires." J.E.M. AG Supply. Inc, v. Pioneer Hi-Bred 
Int'l Inc.. 534 U.S. 124. 122 S.Ct. 593, 604, 151 
L.Ed.2d 508 (2001) . Reading the statute, the 
Supreme Court correctly found no general disclosure 
requirement in title 35 other than enablement. [FN3] 



FN3. In Festo, the Supreme Court mentions 
a description requirement separate from 
enablement. Festo Corp. v. Shoketsu Kogyo 
Kahushiki Co.. 535 U.S. 722, 122 S.Ct. 
183L 1840. 152 L.Ed.2d 944 (2002\ This 
listing of doctrines, however, did not 
endorse any departure from this court's case 
law for more than thirty years. 

Before 1967, this court's predecessor, the United 
States Court of Customs and Patent Appeals also did 
not differentiate written description from enablement. 
In 1966, that predecessor court wrote in detail about 
section 112, paragraph 1, and found only two 
requirements— enablement (the A requirement under 
Judge Rich's terminology) and best mode (the B 
requirement). In re Gay, 50 C.C.P.A. 725, 309 F.2d 
769, 772, 135 USPQ 31 L 315 (1962) . 

In 1967, the Court of Customs and Patent Appeals 
first separated a new written description (WD) 
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requirement from the enablement requirement of § 
112. The reason for this new judge-made doctrine 
needs some explanation. Every patent system must 
have some provision to prevent applicants from using 
the amendment process to update their disclosures 
(claims or specifications) during their pendency 
before the patent office. Otherwise applicants could 
add new matter to their disclosures and date them 
back to their original fihng date, thus defeating an 
accurate accounting of the priority of invention. 
Priority always a vital issue in patent prosecution 
procedures—often determines entitlement to an 
invention. Before 1967, the United States Patent 
Office and the Court of Customs and Patent Appeals 
used a "new matter" rejection to ensure that 
applicants did not update their disclosures after the 
original filing date of the application. This "new 
matter" rejection had a statutory basis: "No 
amendment shall introduce new matter into the 
disclosure of the invention." 35 U.S.C. § 132 . 

In 1967, in In re Ruschi^, 54 C.C.P.A. 1551, 379 
F.2d 990. 154 USPO 118 (1967). this court's 
predecessor created for the *978 first time a new WD 
doctrine to enforce priority. In the context of a new 
claim added "[ajbout a year after the present 
apphcation was filed," the Ruschig court sought to 
determine "whether [the new] claim 13 is supported 
by the disclosure of appellants' application," Id. at 
991. Rather than use § 132, however, Ruschig 
assigned the role of poHcing priority to § 112. As a 
technical matter, the Court of Customs and Patent 
Appeals distinguished between adding new matter to 
the specification and adding new matter to the claims. 
Under PTO practice, new matter in the claims would 
draw a § 132 rejection of the claims; new matter in 
the specification would draw a § 132 objection to the 
addition. The Ruschig court, for the first time, 
decided to treat the objection alone as a § 132 
matter. To deal with new matter in the claims, the 
court calved a new WD doctrine out of the § 112 
enablement requirement rFN41 . As long as the new 
WD doctrine applied according to its original purpose 
as an identical twin of the § 132 new matter doctrine, 
these technical distinctions were of -little practical 
consequence. 

FN4, As a matter of integrity to the statute, 
the Ruschig distinction has a major problem, 
namely the language of § 132 embraces 
both new matter rejections of amended 
claims and new matter objections to 
amended specifications. Both claims and 
the rest of the specification are part of the 



patent "disclosure" within the terms of ^ 
132 . See, e.g., In re Frev, 35 C.C.P.A. 970. 
166 F.2d 572. 575. 77 USPO 116. 119 
(1948) ("Certainly the [claim] is a disclosure 
of itself."). Moreover in::^)licit in the 
judicial creation of a new WD requirement 
is die incorrect assumption that the Patent 
Act had no remedy for new matter in claims 
before 1967. In fact, $ 132 embraces both 
new matter rejections and objections. 

In any event, the WD doctrine, at its inception had a 
very clear function preventing new matter from 
creeping into claim amendments. Judge Rich, the 
author of Ruschig, often reiterated the purpose of 
WD. For instance in the case of In re Wertheim, 541 
F.2d 257. 191 USPO 90 (CCPA 1976). the Court of 
Customs and Patent Appeals confronted a priority 
issue: 

The dispositive issue under this heading is whether 
appellants' parent and Swiss applications comply 
with 35 U.S.C. $ 112. first paragraph, including 
the description requirement, as to the subject . 
matter of these claims. If they do, these claims are 
entitled to the filing dates of ihez parent 
application.... [A] right of foreign priority in 
appellants* Swiss application will antedate Pfluger 
1966 and remove it as prior art against the claims. 
Id. at 261 (emphasis added). In resolving this 
question. Judge Rich stated again the purpose of WD: 
"The function of the description requirement is to 
ensure that the inventor had possession, as of the 
filing date of the application rehed on, of the specific 
subject matter later claimed by him." . Id. at 262 
(emphasis added). In sum, WD was a new matter 
doctrine, a priority policeman. 

Returning to the history of WD, after 1967, the PTO 
continued to use new matter rejections under § 132. 
but also embraced the coterminous written 
description analysis. Thus, for many years, the PTO 
rejected priority errors in claims under both S 132 
and § 112 . 

In 1981, the Court of Customs and Patent Appeals, 
noted that the two rejections were interchangeable: 
"This court, ha[s] said that a rejection of an amended 
claim under § 132 is equivalent to a rejection under ^ 
112, first paragraph." In re Rasmussen, 650 F.2d 
1212, 1214. 211 USPO 323. 325 (CCPA. 1981) 
(enq)hasis added). To avoid confusion between new 
matter rejections and objections, the court chose to 
eliminate the § 132/§ 112 rejections and to use § 
112 for new matter rejections (claims): "The proper 
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basis for rejection of a claim amended to recite 
elements *979 thought to be without support in the 
original disclosure, therefore, is § 112, first 
paragraph, not § 132 ." Id. The purpose of the 
doctrine did not change. As the sentence above 
states exphcitly, the § 112 doctrine, like its corollary 
§ 132 , policed priority, nothing more. At no time 
did either the CCPA or the Federal Circuit purport to 
apply the equivalent new matter/written description 
rejections to original claims or other claims without 
priority problems. See, e.g., In re Koller, 613 F.2d 
819. 823, 204 USPO 702, 706 (CCPA 1980y . 
("[0]riginal claims constitute their own 
description."); In re Gardner, 475 F.2d 1389, 1391, 
177 USPO 396, 397 fCCPA 1973) ("Claim 2, which 
apparently was an original claim, in itself constituted 
a description in the original disclosure.,.. Nothing 
more is necessary for compliance with the description 
requirement...."). WD, the equivalent of the 
statutory new matter doctrine, simply has no 
application to claims without priority problems. 

The Federal Circuit continued to follow this binding 
precedent. See, e.g., Vas-Cath, 935 F.2d at 1560 
("The question raised by these situations is most 
often phrased as whether the application provides 
'adequate support' for the claim(s) at issue; it has also 
been analyzed in terms of 'new matter' under 35 
U.S.C. S 132 ."): In re Wright 866 F.2d 422. 424. 9 
USP02d 1649. 1651 (Fed.Cir.1989) ("When the 
scope of a claim has been changed by amendment in 
such a way as to justify an assertion that it is directed 
to a different invention than was the original claim, it 
is proper to inquire whether the newly claimed 
subject matter was described in the patent application 
when filed as the invention of the applicant. That is 
the essence of the so-called 'description requirement' 
of § 112, first paragraph.") (emphases added); [FN5] 
In re Kaslow, 101 F.2d 1366. 217 USPO 1089 
(Fed.Cir.1983) . In fact, this Circuit's test for written 
description required assessment of the specification 
to check "later claimed subject ntiatter." Id. at 1375 
("The test for determining compliance with the 
written description requirement is whether the 
disclosure of the apphcation as originally filed 
reasonably conveys to the artisan that the inventor 
had possession at that time of the later claimed 
subject matter, rather than the presence or absence of 
literal support in the specification for the claim 
language'') (emphasis added). In fact, this standard 
emphasizes that WD does not examine the 
specification for "literal support" of the claim 
language unless priority is in question. In any event, 
this Circuit did not apply WD to claims without 
priority problems because the doctrine had no 



purpose beyond policing priority. [FN6] 

FN5. In Wrisiht, Judge Rich mentions that 
WD arises in "a variety of situations." Id^ 
Of course, this observation is an accurate 
description of the priority issue. Priority 
arises in the context of a § 102(b) rejection, 
see, e.g., In re Ruschig, 379 F.2d at 991, a ^ 
119 issue, see, e.g.. In re Wertheim, 541 
F.2d at 261, a § - 120 issue, see, e.g., 
Kennecott Coip, v. Kvocera Intl. Inc., 835 
F.2d 1419. 1421 (Ted.Cir.1987) ("The 
iucorporation of the requirements of section 
112 into section 120 ensures that the 
inventor had possession of the later- claimed 
invention on the filing date of the earlier 
application."), and a § 102(g) interference, 
see, e.g., Fiers v. Revel 984 F.2d at 1 169, to 
mention just a few of the variety of 
situations in which priority arises. This 
statement hardly justifies applying WD 
outside its purpose as a test for sufficiency 
of disclosure. 



FN6. Again, the appendix at the close of this 
opinion shows that the Federal Circuit 
uniformly applies WD to police priority. 
Only the LILLY and this ENZO opinion 
purport to apply it as a general disclosure 
requirement in place of enablement. 



The deviation from thirty years of precedent 

In 1997, for the first time, this court purported to 
apply WD as a general disclosure *980 doctrine iu 
place of enablement, rather than as a priority 
doctrine. Regents of the Univ. of Cal. v. Eli Lilly and 
Co.. 119 F.3d 1559, 43 USP02d 1398 
(Fed.Cir.1997) . In Lilly, this court found that the 
' 525 patent specification does not provide a WD of 
human insulin cDNA despite the disclosure of a 
general method of producing human insulin cDNA 
and a description of the human insulin A and B chain 
amino acid sequences that cDNA encodes. 119 F.3d 
at 1567. In the words of the court, "a description 
that does not render a claimed invention obvious does 
not sufficiently describe that invention for purposes 
of § 1 1 2, H 1 ." M At another point, the court stated: 
"An adequate written description of a DNA ... 
'requires a precise definition, such as by stmcture, 
formula, chemical name, or physical properties ....' " 
Id. at 1566 (quoting Fiers v. Revel 984 F.2d 1164, 
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117L 25 USPQ2d 160L 1606 fFed.Cir.1993)) . In 
sum, the Lilly opinion does not test a later claim 
amendment against the specification for priority, but 
asserts a new free-standing disclosure requirement in 
place of the statutory standard of enablement. Based 
on the absence of a nucleotide-by-nucleotide 
recitation in the specification of the human insulin 
cDNA, the court determined that the applicant had 
not adequately described the invention. For the first 
time, this court purported to apply WD without any 
priority question. But see, Kaslow, 707 F.2d at 1375 
("rather than the presence or absence of literal 
support in the specification for the claim language."). 
Even accepting that WD can be isolated as a separate 
requirement from enablement in § 112, T[ 1, the 
words "written description" hardly prescribe a 
standard that requires nucleotide-by-nucleotide 
disclosure. 

Under the correct written description test, one of 
skill in the art would have recognized that the ' 525 
patent in Lilly had no new matter or priority 
problems. In terms of the statutory test for adequacy 
of disclosure, the patent disclosure undoubtedly 
warranted rejection for lack of enablement. Under the 
In re Wands test for enablement, 858 F.2d 731, 8 
USP02d 1400 fFed.Cir.1988), the inventor certainly 
did not show one of skill in the art how to make 
human insulin cDNA. [FN7] Moreover the patent 
claimed vertebrate insulin cDNA a category ranging 
from fish to humans again claims whose scope far 
exceeds the patent's enabling disclosures. In fact, the 
patent disclosiu:e only revealed that the inventor had 
enabled cloning of rat insulin. Instead of 
invalidating under the statutory test for adequacy of 
disclosure, i.e., enablement, the Lilly court purported 
to create a new doctrine for adequacy of disclosure 
that it labeled incorrectly "written description." As 
noted, from its creation through thirty years of 
application, WD had never been a free-standing 
substitute for enablement. 

FN7. U.S. Pat. No. 4,652,525 , the patent at 
issue in Lilly, was filed in 1983, but claimed 
priority to a parent filed in 1977. In 1977, 
biotechnology was still in its infancy. In 
fact, the Maxam and Gilbert method of 
sequencing DNA was just published in 
1977. Cloning in that era was, at a 
minimimi, unpredictable and would have 
required vast amounts of experimentation to 
acconplislL Therefore, the patent's 
prophetic disclosure of human insulin cDNA 
hardly enabled its production as claimed. 



Instead of pursuing this obvious avenue of 
rejection, die Federal Circuit reached out 
beyond the statute and the case law to create 
a new general disclosure test. 

Although it should not be necessary, a brief defense 
of the statutory standard for adequate disclosure 
shows the flaws of the new form of WD. Enablement 
aheady requires inventors to disclose how to make 
(reproduce, replicate, manufacture) and how to use 
the invention (by definition rendering it a "usefiil 
art"). Therefore, *981 because the competitor can 
make the invention, it can then acquire the DNA 
sequence or any other characteristic whenever it 
desires. Meantime the competitor can use, exploit, 
commercialize (outside the patent term) or improve 
upon and design aroimd (within the patent term) as 
much of the invention as it cares to make. In other 
words, the statutory standard for sufficiency of 
disclosure serves masterfiilly the values of the patent 
system. 

Even afl:er Lilly, the Federal Circuit— in all other WD 
cases before this Enzo case— applied priority 
principles, declining to assert the doctrine as a 
general test for adequacy of disclosure. See, e.g., 
Union Oil Co. of Cal v. Atlantic Richfield Co., 208 
F.3d 989, 54 USPQ2d 1227 fFed.Cir.2QQ0\ One of 
those opinions analyzes WD with particular care: 
The written description requirement and its 
corollary, the new matter prohibition of 35 U.S.C. 
§ 132. both serve to ensure that the patent 
appHcant was in full possession of the claimed 
subject matter on the application filing date. 
When the applicant adds a claim or otherwise 
amends his specification after the original filing 
date, as Brandon did in this case, the new claims or 
other added material must find support in the 
original specification. Turbo Care Div. Of Demag 
Delay al Turhomachinery Corp. v. General Elec. 
Co., 264F.3d lllL 1118, 60 USPQ2d 1017. 1022 
fFed.Cir.200n . 

In sum, the written description language has been in 
the statute since 1870, yet only since 1967 has case 
law separated it from enablement. The separation 
itself is not disruptive of the patent system, however, 
because the doctrine operated solely to police 
priority. Indeed, with the exception of Lilly and this 
Enzo case, this court and its predecessor have only 
appHed the doctrine within the limits of its origin as 
an "equivalent" or "corollary" of 35 U.S.C. ^ 132, 
the new matter section. 
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Enzo and written description 

The record in this case shows that no priority issues 
remain to invoke WD. The inventor in this case 
amended the original claims in response to the 
examiner's request to place the selective . 
hybridization steps in the claims. Thus, the 
amendments were all narrowing meaning the 
appHcant added no new matter to the claims by 
amendment. Instead, the applicant copied material 
from the original specification into the original 
claims. By definition, this case presents no new 
matter or priority issues requiring application of the 
original WD doctrine. The original specification 
contained all of the subject matter included in the 
inventor's claims. For this reason, the panel 
misapplies § 1 12, H 1 by remanding on the question 
of WD. See, slip op. at 17 ("On remand, the court 
should consider whether one of skill in the art would 
find the generically claimed sequences described on 
the basis of Enzo's disclosxire of the hybridization 
function and an accessible structure, consistent with 
the PTO Guidelines. If so, the written description 
requirement would be met.").. If any § 112, Tf 1 
questions remain, they are questions of the 
sufficiency of disclosure, an enablement question. 
Instead, the panel, relying on Lilly, advocates 
applying WD "regardless whether the claim appears 
in the original specification and is thus supported by 
the specification as of the filing date." Id. at 18. To 
the contrary, WD has no such application consistent 
with the statute and the case law. 

Why does this matter? 

As both Lilly and this case show, the aberrant form 
of WD requires far more *982 specific disclosure 
than enablement. [FN8] Because the Lilly 
application of § 112, T[ 1 requires a far more 
demanding disclosure, defendants will have no need 
to invoke enablement, but will proceed directly to the 
more demanding Lilly § 112, f 1 requirements. 
Thus, the new breed of WD evident in Lilly and this 
case threatens to further disrupt the patent system by 
replacing enablement the statutory test for adequate 
disclosure. See, Rai, Arti, " Intellectual Property 
Rights in Biotechnology: Addressing New 
Technology" 34 Wake Forest LRev. 827, 834-35 
(Falh 19991 ("Thus in [Lilt ] - the CAFC broke new 
ground by applying the written description 
requirement not only to later-filed claims but also to 
clain:is filed in the original patent.... [T]he Lilly court 
used the written description requirement as a type of 
elevated enablement requirement."); Mueller, Janice 
M., "The Evolving Application of the Written 



Description Requirement to Biotecbnological 
Inventions" 13 Berkeley Tech, LJ. 615, 617 (Spring 
1998) ("The Lilly decision establishes uniquely 
rigorous rules for the description of biotechnological 
subject matter that significantly contort written 
description doctrine away from its historic origins 
and policy grounding. The Lilly court elevate [s] 
written description to an effective 'super enablement' 
standard...."). 



FN8. . "Conflicts in Federal Circuit Patent 
Law Decisions," The Federal Circuit Bar 
Journal, Vol. 11, no. 3, p. 723, chronicles 
this circuit's primary conflicts. Listed first 
as the leading confhct is "1. The Written 
Description Requirement of § 112, First 
Paragraph." Id. at 725-34. The article 
notes: "[T]he Federal Circuit has not 
provided clear and consistent rules for 
determining precisely what type of 
disclosiu-e is sufficient to comply with the § 
112 written description requirement." Id. at 
725. The article then notes three separate 
tests for measuring compliance with § 112, 
^ 1. For instance, "[t]he strictest approach 
requires the written description to delineate 
all of the claimed elements." Id. 



Furthermore, the Supreme Court repeatedly 
cautioned against the disruption of the settled 
expectations of the inventing community. Festo, 122 
S.Ct at 1841 ("The responsibility for changing 
[settled law] rests with Congress.,.. Fundamental 
alterations in these rules risk destroying the 
legitimate expectations of inventors ia their 
property."). Lilly and now this case change the 
appHcation of the WD test and "up the ante" for 
disclosine a situation inventors might have addressed 
if they could have foreseen that this court would 
disrupt settled disclosure principles. At this point, 
however, those inventors have no way to change 
patents that conqjly with enablement disclosme, but 
not the stiffer demands -of Lilly. 

Replacement of enablement doctrines with an ill- 
defined general disclosure doctrine of WD imperils 
the integrity of the patent system. Enablement, 
arguably the most important patent doctrine after 
obviousness, has many important apphcations. 
Beyond mere adequacy of disclosure, it serves as the 
line of demarcation between the visionary theorist 
(adds nothing to the useful arts) and the visionary 
pioneer (contributes to the useful arts), see, e.g., 
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Gould V. Hellwarth. All F.2d 1383, 176 USPO 515 
(CCPA 1973V and also serves to limit claim scope 
thus demarking the boundary between pioneer 
inventions and patentable improvements, see, e.g., In 
re Wright 999 F.2d 1557 (Fed.Cir.1993) . The WD 
possession test cannot perform these functions. 
Professor Janis explains that WD provides a blunt 
tool to measure the sufficiency of disclosure: 
Today, however the written description 
requirement enjoys a prominence wholly out of 
proportion to its humble origins. 

*983 Recent efforts to elaborate the 'possession' 
standard both confirm the substantial redxmdancy 
of the enablement and written description 
requirements .... 

[T]he written description requirement is a threat to 
the coherence of disclosure doctrines.... 
Janis, Mark D., "On Courts Herding Cats: 
Contending with the 'Written Description' 
Requirement (and Other Unruly Patent Disclosure 
DoctrinesV 2 Wash. U.J.L & PoVv 55, 60, 70, 83 
(2000) . 

Professors Rai, Mueller, and Wegner, among others, 
agree with Professor Janis*s assessment. Rai, 
Mueller, supra; Wegner, Harold C, "An Enzo White 
Paper: A New Judicial Standard for a Biotechnology 
'Written Description' Under 35 U.S.C. $ 112,1| 1 " 1 
J. Marshall Rev. Intell Prop. L 254, 263 (2002) 
(recognizing "there may very well be problems with 
the scope of enablement in the facts of the Enzo 
case," but written description would not apply to 
"original claims."). 

For biotech inventions, according to the Lilly 
standard, § 112, ^1 1 requires a precise listing of the 
DNA sequence nucleotide-by-nucleotide. 
Enablement, on the other hand, requires that the 
specification show one of skill in the art how to 
acquire that sequence on their own. As a test for 
biotech claims without priority issues, WD may well 
jeopardize a sizeable percentage of claims filed 
before the Lilly departure in 1997. These patents had 
no notice of a change in the statutory standard for 
disclosure. Moreover the Lillv/Enzo rule prejudices 
university or small inventors who do not have the 
expensive and time-consuming resources to process 
every new biotechnological invention to extract its 
nucleotide sequence. See, Mueller, supra at 617 
C' Lilly ... will likely chill development."); Sampson, 
Margaret, "The Evolution of the Enablement and 
Written Description Requirements Under 35 U.S.C. g 
112 in the Area of Biotechnology." 15 Berkeley 



Tech, L.l 1233. 1262 (Fall 2000) ("The primary 
argument against the Federal Circuit's heightened 
written description requirement for biotechnological 
invention is that ... it also 'reduces incentives to invest 
in innovation by depriving potential patentees of the 
opportunity to fully benefit from their research.' "). 

Saving the obvious for last, Lilly and this case really 
cannot depart from decades of estabHshed case law 
on § 112,^ 1. Even the court's decision to issue this 
improved version of Enzo without correcting all the 
problems does not indicate any acceptance of written 
description as a general disclosure doctrine for all 
claims regardless of priority issues. Lilly and this 
case are panel cases and cannot override the statute 
that makes enablement the general disclosure 
doctrine and the vast body of prior case law limiting 
WD to its original purpose. Sadly, however, this 
case will perpetuate the confusion. 

Conclusion 

Written description a part of the Patent Act since 
1870 has taken on a life separate from its statutory 
context only since 1967. As long as WD applied 
only for the reasons that occasioned its ^-judicial 
creation, it did not disrupt the rest of the Patent Act. 
Two recent cases, however, this case and the 1997 
Lilly case, have piuported to create a new disclosure 
doctrine that supplants enablement. Although this 
court declines to take this occasion to correct those 
dalhances, the origin and purpose of both § 1 12, ^ 1 
doctrines serve notice that neither Lilly nor this case 
properly applies the otherwise orderly disclosure 
doctrines. 

*984 APPENDDC 

CCPA 

1. In re Ruschis, 54 C.C.P.A. 155 K 379 F.2d 990 
(1967) . "These claims were imder rejection by 
reason of one-year statutory bars which could be 
overcome only by reliance on the filing date of the 
present parent application which gave rise to the 
question whether the application* contained support 
for the claims." Id at 991. 

/. In re Ahlbrecht 58 C.C.P.A. 848. 435 F.2d 908 
(1971) . "[T]he parties disagree as to whether the 
disclosure in the earlier application is sufficient 
under the first paragraph of 35 U.S.C. g 112 to 
support the invention claimed in claim 7." Id. at 909. 

3. Fields v. Conover, 58 C.C.P.A. 1366. 443 F.2d 
1386 (1971) . "[E]ven when considered ... it falls far 
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short ... of the 'full, clear, concise, and exact' written 
description which we have said is necessary to 
support 5wfoe^wert^/v added claims." Id, at 1392. 

4. In re Smith, 59 C.C.P.A. 1025, 458 F.2d 1389 
(19721 . "[AJppellant has no basis on which the 
disclosure in the 1947 application may be treated as a 
description of the subject matter now claimed." Id, at 
1394. 

5. In re Gardner. 475 F.2d 1389 (CCPA 1973V 
"Claim 2, which apparently was an original claim, in 
itself constituted a description in the original 
disclosure equivalent in scope and identical in 
language to the total subject matter now being 
claimed." Id. at 1391. 

6. In re Smith. 481 F.2d 910 (CCPA 1973) . 
"Satisfaction of the description requirement insures 
that subject matter presented in the form of a claim 
subsequent to the filing date of the apphcation was 
sufficiently disclosed at the time of filing so that 
prima facie date of invention can fairly be held to be 
the filing date of the application.... The specification 
as originally filed must convey clearly to those 
skilled in the art the information that the applicant 
has invented the specific subj ect matter later 
claimed." Id. at 914. 

7. In re MoU, 539 F.2d 1291 (CCPA 1976) . "The 
issue under this heading is whether appellant's 
specification, construed in light of the knowledge of 
those skilled in this art, contains a written description 
of the subject matter of claims 42, 44, and 46." 
(Claims 42, 44 and 46 were claims copied firom the 
Taylor patent and put in the application by 
amendment.) Id. at 1296. 

8. In re Wertheim. 541 F.2d 257 fCCPA 1976) . 
"The dispositive issue imder this heading is whether 
appellants' parent and Swiss applications comply 
with 35 U.S.C. § 112 , first paragraph, including the 
description requirement, as to the subject matter of 
these claims. If they do, these claims are entitled to 
the filing dates of the /7aren^"application [A] right 
of foreign priority in appellants' Swiss application 
will antedate Pfluger 1966 and remove it as prior art 
against the claims." Id. at 261. "The fimction of the 
description requirement is to ensure that the inventor 
had possession, as of the filing date of the application 
relied on, of the specific subject matter later claimed 
by him." Id at 262. 

9. In re Blaser. 556 F.2d 534 (CCPA 1977) . "The 
function of the description requirement is to ensxire 



that the inventor had possession, as of the filing date 
of the application relied on, of the specific subject 
matter later claimed by him." Id. at 537 (quoting In 
re Wertheim. 541 F.2d at 262). 

10. In re Barker, 559 F.2d 588 (CCPA 1977) . "We 
can find no indication in the specification or claims 
as originally filed that appellants invented the subject 
matter now claimed." Id. at 593. 

*985 11. In re Driscoll 562 F.2d 1245 (CCPA 
1977) . "Appellant does not dispute that the appealed 
claim is anticipated by the Belgian patent if the 
present application is not entitled to the earlier filing . 
date of S.N. 782,756. Consequently, the sole issue 
with respect to this aspect of the appeal is whether 
the disclosure of S.N. 782,756 described the subject 
matter of claim 13. In resolving this issue, we must 
view the disclosure of the earlier filed application as 
would a person skilled in the art and determine 
whether it reasonably conveys the information that as 
of the filing date thereof appellant had possession of 
the class of 5-alkylsulfonyl-l, 3, 4- thiadiazole ureas 
defined in claim 13." Id at 1248-49. 

12. In re Edwards. 568 F.2d 1349 (CCPA 1978) . 
"The dispositive issue is whether appellants' parent 
application, serial No. 682,560, filed November 13, 
1967, complies with the written description 
requirement of 35 U.S.C. $ 112, furst paragraph, vis- 
a-vis the subject matter of the appealed claim; if it 
does, then the claim is entitled to the filing date of the 
parent application under 35 U.S.C. § 120 ." Id. at 
1351. 

13. In re Herschler, 591 F.2d 693 (CCPA 1979) . 
"[A]ppellant concedes that the substance of this 
rejection is proper if the court finds either the great- 
grandparent application lacks a written description of 
the instant invention." Id. at 699. 

14. In re Rasmussen, 650 F.2d 1212 (CCPA 1981) . 
"The proper basis for rejection of a claim amended to 
recite elements thought to be without support in the 
original- disclosure, therefore, - is § 1 12 . first 
paragraph, not § 132 . The latter section prohibits 
addition of new matter to the original disclosure. It 
is properly enployed as a basis for objection to 
amendments to the abstract, specifications, or 
drawings atten^ting to add new disclosure to that 
originally presented." Id. at 1214-15. 

Federal Circuit 

1. In re Ka.slow. 101 F.2d 1366 (Fed.Cir.1983) . 
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"The test for determining compliance with the written 
description requirement is whether the disclosure of 
the application as originally filed reasonably conveys 
to the artisan that the inventor had possession at that 
time of the later claimed subject matter, rather than 
the presence or absence of literal support ia the 
specification for the claim language." Id. at 1375. 

2. Ralston Purina Co, v. Far-Mar-Co., Ill F.2d 
1570 (Fed.Cir.1985) . "[T]he test for sufficiency of 
support in a parent application is whether the 
disclosure of the application rehed upon 'reasonably 
conveys to the artisan that the inventor had 
possession at that time of the later claimed subject 
matter.' " Id. at 1575. 

3. Kennecott Corp. v. Kyocera Infl, Inc., 835 F.2d 
1419 (Fed.Cir.1987) . "The iacorporation of the 
requirements of section 112 into section 120 ensures 
that the inventor had possession of the Zarer-claimed 
invention on the filing date of the earlier 
application." Id. at 1421. 

4. Utter V. Hiraea, 845 F.2d 993 (Fed.Cir.1988) .. 
"Hiraga's Japanese specification complies with the 
written description requirement of Section 112 if 'the 
disclosure of the application as originally filed 
reasonably conveys to the artisan that [Hiraga] had 
possession at that time of the later claimed ['068 
interference count] subject matter.* " Id. at 999. 

5. Bi^ham v. Godtfredsen, S51 F.2d 1415 
(Fed.Cir.1988) . "This requirement applies to priority 
claims under 35 U.S.C. § 119 .... The test is whether 
the disclosure of 'halogen,' exemplified by chloro, 
meets the requirements of § 112 as a written *986 
description of the bromo and iodo species in the 
context of the specific invention at issue." Id. at 
1417. 

6. United States Steel Corp. v. Phillips Petroleum 
Co., 865 F.2d 1247 (Fed. Cir. 1989) . "In the context 
of section 120, in this case, focusing on the filing 
date requires that the claim of the 851 patent be 
treated as though it were filed in 1953. Only if that 
claim would at that time have been correctly rejected 
for lack of support in the 1953 specification may the 
patentee be denied use of section 120 to predate the 
intervening reference to the '300 patent." Id. at 1 25 1 . 

7. In re Wright, 866 F.2d 422 (Fed.Cir.1989) . 
"When the scope of a claim has been changed by 
amendment in such a way as to justify an assertion 
that it is directed to a different invention than was the 
original claim, it is proper to inquire whether the 



newly claimed subject matter was described in the 
patent application when filed as the invention of the 
applicant. That is the essence of the so-called 
'description requirement' of § 112 , first paragraph." 
Id at 424. 

8. Chester v. Miller. 906 F.2d 1574 (Fed.Cir.1990) . 
"[T]he EIC simply found that the '280 reference 
(parent ) did not support the '122 application claims 
because as to them it failed to meet the written 
description requirement." Id. at 1577. 

9. VaS'Cath Inc. v. Mahurkar, 935 F.2d 1555 
(Fed.Cir.1991) . "The purpose and applicability of the 
'written description' requirement ... insure[ ] that 
subject matter presented in the form of a claim 
subsequent to the filing date of the application was 
sufficiently disclosed at the time of filing so that the 
prima facie date of invention can fairly be held to be 
the filing date of the application." Id. at 1562. 

10. In re Haves Microcomputer Products, Inc., 982 . 
F.2d 1527 (Fed.Cir.1992) . "The test for sufficiency 
of support in a pare/zr application is whether the 
disclosure of the application relied upon 'reasonably 
conveys to the artisan that the inventor had 
possession at that time of the later claimed subject 
matter.'" Id at 1532. 

11. Fiers v. Revel 984 F.2d 1164 (Fed.Cir.1993) . 
"Revel bears the burden of proving entitlement to the 
benefit of his ear/zer-filed Israeli application date.... 
Revel must prove that his application meets the 
requirements of 35 U.S.C. § 112, first paragraph." 
Mat 1169. 

12. Mendenhall v. Cedarapids, 5 F.3d 1557 
(Fed.Cir.1993) . "Mr. Mendenhall himself testified 
that he did not have any invention directed to 
introducing virgin aggregate and RAP as specified in 
the '904 claims until December 1977, and there is no 
description of that invention in the parent or 
grandparent applications.... A patentee cannot obtain 
the benefit of the filing date of an earlier application 
where the claims in issue could not have been made 
in the earlier application." Id. at 1565-66. 

13. Eiselstein v. Frank. 52 F.3d 1035 (Fed.Cir:1995) . 
"In order to determine whether a prior application 
meets the 'written description' requirement with 
respect to later- filed claims, the prior application .... 
The test is whether the disclosure of the apphcation 
relied upon reasonably conveys to a person skilled in 
the art that the inventor had possession of the claimed 
subject matter at the time of the earlier filing date." 
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Id. at 1038-39. 

14. In re Alton, 76 F.3d 1168 rFed.Cir.l996l "The 
adequate written description requirement ... serves 'to 
ensure that the inventor had possession, as of the 
filing date of the application relied on, of the specific 
subject matter /a/er claimed by him'," Id. at 1172. 

*987 15. KoJmes v. World Fibers Corp., 107 F.3d 
1534 (Fed.Cir.1997') . "The question raised here is 
whether the claims added by the preliminary 
amendment to the 1992 continuation appHcation find 
adequate support in the 1990 application sufficient to 
meet the description requirement of section 112, H 
1." 7^. at 1539. 

16. Lockwood v. American Airlines. Inc.. 107 F.3d 
1565 (Fed.Cir.1997) . "[A] prior application itself 
must describe an invention, and do so in sufficient 
detail that one skilled in the art can clearly conclude 
that the inventor invented the claimed invention as of 
the filing date sought." Id. at 1572. 

After LILLY 

1. Gentry Gallery, Inc. v. Berkline Corp., 134 F.Bd 
1473 (Fed.Cir. 1998) . "Accordingly, his original 
disclosure serves to limit the permissible breadth of 
his /arer-drafted claims." Id. at 1479. 

2. Tronzo v. Biomet, Inc., 156 F.3d 1154 
(Fed.Cir.1998) . 'Tor a claim in a /a/er-filed 
application to be entitled to the filing date of an 
earlier application imder 35 U.S.C. sec. 120, the 
earlier application must comply with the written 
description requirement of 35 U.S.C. section 112, If 
1." Mat 1158. 

3. Union Oil Co., of Cal v. Atlantic Richfield Co., 
208 F.Bd 989 (Fed.Cir.2000) . "However, neither the 
Patent Act nor the case law of this court requires such 
detailed disclosure.... Rather the Patent Act and this 
court's case law require only sufficient description to 
show one of skill in the refining art that the inventor 
possessed the claimed invention at the time of filing." 
Id at 997. 

4. Reiffin v. Microsoft Corp., 214 F.3d 1342 
(Fed.Cir.200Q) . "In accordance with § 120. claims to 
subject matter in a /a/er-filed application not 
supported by an ancestor application in terms of § 
112 1 are not invalidated; they simply do not 
receive the benefit of the earlier application's filing 
date." Id at 1346. 
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5. Lamyi Corp. v. American Power Products, Inc., 
228 F.3d 1365 (Fed.Cir.2000) . "For a claim in a 
later-fil^d application to be entitled to the filing date 
of an earlier application under 35 U.S.C. 120. the 
earlier apphcation must comply with the requirement 
of 35 U.S.C. g 112. II 1 ." Id at 1377. "The 
requirement is met if 'the disclosxire of the application 
relied upon reasonably conveys to the artisan that the 
inventor had possession at that time of the later 
claimed subject matter.' " Id. at 1378. 

6. Purdue Pharma L.P. v. Paulding. Inc., 230 F.Bd 
1320 (Fed.Cir.2000) . "[W]e conclude that the 
district court did not commit clear error in finding 
that nothing in the '688 application 'necessarily' ... 
described the later claimed subject matter of the '360 
patent." Id at 1327. 

7. TurboCare Div. Of Demag Delaval 
Turbomachinerv Corp. v. General Elec. Co., 264 
F.Bd nil (Fed.Cir.2001) . "The written description 
requirement and its corollary, the new matter 
prohibition of 35 U.S.C. S 132, both serve to ensure 
that the patent applicant was in full possession of the 
claimed subject matter on the apphcation filing date. 
When the appHcant adds a claim or otherwise amends 
his specification after the original fihng date, as 
Brandon did in this case, the new claims or other 
added material must find support in the original 
specification." Id. at 1118. 



LINN, Circuit Judge, with whom RADER and 
GAJARSA, Circuit Judges, join, dissenting from the 
court's decision not to the hear the case en banc. 

I am in agreement with much of the panel's 
reasoning in the revised opinion, *988 but part 
con^any with the panel's treatment of written 
description and enablement issues, most notably in 
the text dealing with the in ipsis verbis issue. 

With all due respect, the panel opinion in my view 
conflates and perpetuates the confusion our precedent 
has engendered between written description as a 
separate requirement ("possession of the invention")- 
-an issue relevant to priority~and enablement~an 
issue relevant to the sufficiency of the disclosure. 
The notion of having to show "possession of the 
invention" was discussed in Vas-Cath Inc. v. 
Mahurkar. 935 F.2d 1555, 19 USPQ2d 1111 
(Fed. Cir. 1991) and other cases from our court as a 
convenient way to measure or test entitlement of later 
filed claims to an earlier priority date. It was not and 
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should not be a test for sufficiency of disclosure, per 
se. It should have no place in and does not aid in the 
disposition of cases where the claims in question are 
part of the original disclosure. In those cases, 
entitlement to the filing date is inherent in that the 
claims themselves—having been filed as part of the 
original application— provide their own written 
description. 

35 U.S.C. S 112 requires a written description of the 
invention, but the measure of the sufficiency of that 
written description in meeting the conditions of 
patentability in paragraph 1 of that statute, either by 
reference to a microorganism deposit or in terms in 
ipsis verbis with the language of the claims, should 
depend solely on whether it enables any person 
skilled in the art to which the invention pertains to 
make and use the claimed invention. Where priority 
is not an issue, as in the present case, the focus once a 
written description has been foimd should be on 
whether the description meets the enablement 
requirement. Satisfaction of the "possession of the 
invention" test sinq^ly is not relevant. 

The question presented by 35 U.S.Q § 112, 
paragraph 1, is not, "Does the written description 
disclose what the invention is, or does it merely 
describe what it does?" The question is, "Does the 
written description describe the invention recited and 
described in the claims-themselves part of the 
specification— in terms that are sufficient to enable 
one of skill in the art to make and use the claimed 
invention?" That is the mandate of the statute and is 
all our precedent, prior to Regents of the University of 
California v. Eli Lilly & Co,, 119 F.3d 1559, 43 
USP02d 1398 (Fed.Cir.1997) and the present case, 
demand. For original claims, where priority is not 
an issue, the notion of possession of the invention is 
not germane, the claim itself evidencing possession 
of the invention as of the filing date. In the panel 
opinion, the discussion of the in ipsis verbis issue 
properly addresses enablement issues but does so in 
words not of enablement but of "possession of the 
invention." This conflates the two unrelated issues, 
elevates "possession" to the posture of a statutory test 
of patentability— which it is not— and fosters fiulher 
confusion in what is already a confusing area of our 
precedent. 

The U.S. Patent and Trademark Office ("PTO") aptly 
states the reason why this case should be taken en 
banc: "[ajlthough this Court has addressed the 
'written description' requirement of section 112 on a 
number of occasions, its decisions have not taken a 
clear and vmiform position regarding the purpose and 
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meaning of the requirement." PTO amicus brief at 4. 

This is an area of law that is of significant 
inq^ortance to the biotech industry and affects how 
patent applications are drafted, prosecuted, and will 
be enforced in this and other areas of emerging 
technology. When patent attorneys set out. to write 
patent applications, they do so for an educated 
audience-those skilled in the *989 art-and attempt 
to describe the invention in a way that enables those 
of ordinary skill to make and use the invention as 
claimed. Before the decision in Lilly, the practicing 
bar had accepted and found workable the notion 
elucidated in our precedent that § 112 requires a 
written description sufficient to enable one of 
ordinary skill in the art to make and use the claimed 
invention-i.e., enablement. Lilly changed the 
landscape and engendered the debate the panel 
opinion in this case perpetuates. 

Some have praised Lilly for maintaining the integrity 
of patent disclosures and for curbing patent filings for 
inventions that have not yet been made but are just 
nascent ideas. Others have been sharply critical of 
Lilly. The debate is well framed by the panel 
opinion and the contemporaneous dissent of Judge 
Rader. Those opinions highlight the uncertainty this 
issue raises in how inventions are protected, in how 
the PTO discharges its responsibilities, and in how 
business is conducted in emerging fields of law. 
These uncertainties will be left unresolved imtil we 
clarify this en banc. The issue is important, is ripe 
for us to consider, and deserves to be clarified, one 
way or the other. For these reasons, I respectfully 
dissent from the court's declining to consider this 
case en banc, 

323 F.3d 956, 63 U.S.P.Q.2d 1609 
END OF DOCUMENT 
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Background: Applicant for patent related to 
monoclonal antibody sought judicial review of 
decision by Board of Patent Appeals and 
Interferences, 2001 WL 1285978. that certain claims 
of appUcation were unpatentable as anticipated by 
prior art patent, and that there was no interference in 
fact between application and prior art patent. 

Holdings: The Court of Appeals, Gajarsa, Circuit 
Judge, held diat: 

(1} evidence supported finding that specification in 
parent patent application for murine antibody did not 
satisfy written description requirement for subsequent 
application's human and genus antibody claims, and 

£2} evidence supported finding of noninterference. 
Affirmed. 



Ill Patents €==>314(5) 

291k314r5^ Most Cited Cases 

Whether patent specification complies with written 
description requirement is question of fact. 35 
U.S.C.A. $ 112.11 1 . 

12] Patents C^llO 

291kllOMost Cited Cases 

Test to determine if earUer filed patent application 
satisfies written description requirement for claims in 
later application, and dius whether later application is 
to receive benefit of earlier application's filing date, is 
whether person of ordinary skill in art would 
recognize that applicant possessed what is claimed in 
later filed application as of filing date of earlier filed 
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application. 35U.S.C.A. S 112. T} 1. . 

Ill Patents €==^110 

291kl 10 Most Cited Cases 

Earlier patent application that describes later-claimed 
genetic material only by statement of function or 
result may be insufficient to meet written description 
requirement, for purpose of determining whether later 
claims are entitled to earlier apphcation's filing date. 
35U.S.CA. S 112. y 1 . 

1£ Patents 0==>99 

291k99 Most Cited Cases 

Patent specification's characterization of antibody by 
its binding affinity to antigen satisfies written 
description requirement, so long as antigen is 
adequately characterized, either by its structure, 
formula, chemical name, or physical properties, or by 
depositing protein in public depository. 35 U.S.C A 
§ 112.11 1 . 

151 Patents €>=>iio 

291kl 10 Most Cited Cases 

Evidence supported finding that specification in 
parent patent application for murine antibody did not 
satisfy written description requirement for subsequent 
application's human and genus antibody claims, and 
thus that subsequent application was not entitled to 
parent's earlier filing date; parent application failed to 
disclose structural elements either of human antibody 
or of antigen to which it had binding affinity. 35 
U.S.C.A. S 112.^f 1 

161 Patents €===>106(1) 

291kl06(n Most Cited Cases 

Under "two-way test," patents interfere if each would 
be anticipated or obvious if other, in turn, was 
presumed to be prior art. 37 C.F.R. § 1.601(n) . 

121 Patents ^^106(3) 

291kl06G) Most Cited Cases 

Evidence supported finding diat patent for human 
form of antibody and patent application for mouse 
form of same antibody did not interfere in fact; there 
was expert testimony that skilled artisan in 
possession of either invention would not have had 
reasonable likelihood of success in obtaining other 
invention without undue experimentation. 37 CFR 
S 1.60KnV 
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181 Patents €=>106(1) 

291kl06(n Most Cited Cases 

Method of isolating human antigen, found in 
specification of patent application claiming murine 
antibody, could not be considered when determining 
whether there was interference in fact between 
application and patent for human antibody; test for 
interference compared parties' inventions, which 
were only found in claims, 37 C.F.R. § L601(n) . 

Patents €^328(2) 

29 lk328(2) Most Cited Cases 

5,474,771, 5,961,974. Cited as Prior Art. 

Appealed from United States Patent and Trademark 

Office, Board of Patent Appeals and Interferences. 

E. Anthony Figg, Rothwell, Figg, Ernst & Manbeck, 
of Washington, DC, argued for appellant. With him 
on the brief was Glenn E. Karta . 

James F. Haley, Jr., Fish & Neave, of New York, 
NY, argued for appellees. With him on the brief were 
Margaret A. Pierri and Jane T. Gunnison . Of counsel 
on the brief was John P. White, Cooper 8c Dunham 
LLP, of New York, NY. Of counsel was Stanley 
Den-Kua Liang , Fish & Neave. 

Before CLEVENGER, BRYSON, and GAJARSA, 
Circuit Judges. 



GAJARSA, Circuit Judge. 

*1 This is an appeal from an interference proceeding 
involving the claims of United States Patent 
Application Serial No. 08/742,480 (the "'480 
application") and United States Patent No. 5.474,771 
(the "771 patent") . Randolph J. Noelle ("Noelle") is 
the inventor named on the '480 application. Seth 
Lederman, Leonard Chess, and Michael J. Yellin 
(collectively "Lederman") are the inventors named on 
the 771 patent . Noelle appeals the decision of the 
United States Patent and Trademark Office, Board of 
Patent Appeals and Interferences ("Board"), finding 
no interference-in-fact between the '480 application 
and the 771 patent and rejecting claims 51, 52, 53, 
56, 59, and 60 of the '480 application pursuant to 35 
U.S.C. § lQ2(b) (2000) . Noelle v. Lederman, 
hiterference No. 104,415 (Bd. Pat.App. & Int. Oct: 
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19, 2001). Because the decision of the Board is 
supported by substantial evidence and is not contrary 
to law, we affirm. 

BACKGROUND 

A, Antibodies 

This case relates to antibodies and their role in the 
immune response system. A vertebrate's immune 
system serves to identify and destroy foreign 
invading organisms and neutralize the toxic 
molecules they produce. Antibodies, which are 
proteins also referred to as immunoglobulins ("Ig"), 
serve to designate foreign particles, broadly referred 
to as antigens, for destruction by other conq)onents of 
the immune system such as lymphocytes. [FNl] 
Lymphocytes, otherwise known as white blood cells, 
produce antibodies and destroy antigens. T-cells and 
B -cells are the two types of lymphocytes needed for 
antibody production. One specific type of T-cell is 
the helper T-cell. Helper T-cells recognize antigens 
and then induce B-cells to produce antibodies 
through a series of events. First the helper T-cell is 
activated after it recognizes an antigen. Once 
activated, the helper T-cell activates the B-cell by a 
combination of binding with the B-cell and secreting 
signaling molecules. Once the B-cell is activated, it 
differentiates, rFN21 proliferates, and produces 
antibodies specific to a particular antigen. The 
antibodies then circulate in the bloodstream and 
permeate other bodily fluids, where they bind to the 
antigen, thereby flagging it for destruction. 

The present interference involves competing claims 
to an antibody ("CD40CR antibody") that represses 
the cell-to-cell signaling interaction between helper 
T-cells and B-cells. CD40CR antigen [TN31 is found 
on activated, but not resting, helper T-cells. CD40CR 
antigen acts as a "key" to unlock a protein ("CD40") 
located on the surface of resting B-cells. Once 
CD40CR antigen and CD40 bind, the B-cell begins 
down the pathway to differentiation, proliferation, 
and antibody production. The CD40CR antibody 
binds to the CD40CR antigen located on the T-cell 
surface, thereby inhibiting its ability to biad to the 
CD40 receptor located on the resting B-cell. B-cells 
cannot then become activated, thereby preventing the 
B-cell firom producing antibodies. CD40CR 
antibodies are useful for treating a hyperactive 
immune system that causes allergic reactions and 
autoimmune diseases. 

B. The Interference 

*2 Noelle's '480 apphcation was filed November 1, 
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1996. The '480 application is a continuation of 
application Serial No. 08/338,975 ("the '975 
appUcation"), filed November 14, 1994, which is in 
turn a continuation of application Serial No. 
07/835,799 ("the 799 application"), filed on February 
14, 1992. The claims of Noelle's '480 application are 
directed to the genus, murine ("mouse"), chimeric 
("hybrid"), humanized, and human forms of the 
CD40CR monoclonal antibody. Noelle also claims 
the hybridomal [FN41 cell lines that produce the 
CD40CR antibody. 

Lederman's '771 issued patent has an effective filing 
date of November 15, 1991. Lederman's 771 patent 
describes and claims the human form of CD40CR 
monoclonal antibody (the "5c8 antibody"). The 5c8 
antibody binds to "the 5c8 antigen located on the 
surface of activated T cells and thereby inhibits T cell 
activation of B cells." Also, Lederman claims a 
hybridomal cell line created to produce monoclonal 
antibody 5c8. 

On September 3, 1999, an interference was declared 
by the United States Patent and Trademark Office 
("USPTO") between the issued claims of Lederman's 
771 patent and Noelle's '480 application. Noelle was 
designated the junior party and Lederman was 
designated the senior party based on their effective 
filing dates. The USPTO established only one coimt 
in the interference. The count reads as follows: 
The monoclonal antibody of claim 1 of 5,474,771 
or the monoclonal antibody of claim 42 or claim 5 1 
of 08/742,480. 

Claim 1 of Lederman's ' 771 patent reads as follows: 
A monoclonal antibody, which specifically binds 
and forms a con^lex with the 5c8 antigen located 
on the surface of activated T cells and thereby 
inhibits T cell activation of B cells, the 5c8 antigen 
being an antigen to which monoclonal antibody 
5c8 (ATCC Accession No. HB 10916) specifically 
binds; 

Claim 42 of Noelle's '480 application reads as 
follows: 

A monoclonal antibody or fragment thereof which 
specifically binds to an antigen expressed on 
activated T cells, wherein said antigen is 
specifically bound by the monoclonal antibody 
secreted by hybridoma MRl which hybridoma has 
been deposited and accorded ATCC Accession No. 
HB 11048. 

Claim 51 of Noelle's '480 application reads as 
follows: 
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A monoclonal antibody or fragment thereof which 
specifically binds CD40CR. 

Claim 52 of Noelle's '480 application reads as 
follows: 

The monoclonal antibody or fi-agment of Claim 51, 
wherein said CD40CR is expressed by activated 
human T cells. 

For sake of the sin:q)licity, Claim 1 of Lederman's 
' 771 patent and Claim 52 of Noelle's '480 application 
will be referred to as claims to the "human" form of 
CD40CR antibody. Claims 42 and 51 of Noelle's '480 
application will be referred to as claims to the 
"mouse" and "genus" forms of CD40CR antibody, 
respectively. 

On June 28, 2001 tiie Board held a hearing to 
dispose of the parties' preliminary motions. Lederman 
moved to have Noelle's claims rejected and sought to 
redefine the count. Likewise, Noelle also sought to 
have the count redefined. The Board denied 
Lederman's motions for judgment against Noelle's 
mouse claims for lack of written description, lack of 
enablement, and indefiniteness. See 35 U.S.C. S 112 
(2000) . The Board foimd that Lederman had failed to 
demonstrate tiiat the mouse claims in Noelle's '480 
application failed to comply with 35 U.S.C. S 112. 
paragraphs (1) and (2). as of November 1, 1996, the 
date Noelle filed his '480 application. The Board, 
however, determined that the human and genus 
claims in Noelle's '480 application failed to comply 
with the written description requirement pursuant to 
35 U.S.C. $ 112. paragrap h as of Febmary 14, 
1992, the date Noelle filed the previous '799 
apphcation. The Board made a detailed analysis of 
this court's precedent pertaining to the doctrine of 
written description, focusing on the holding firom 
Regents of the University of California v. Eli Lilly <Si 
Co. that an "adequate written description of a DNA 
sequence claim requires a precise definition, such as 
structure, formula, chemical name, or physical 
properties." 119F.3d 1559. 1566 fFed.Cir. 1997V The 
Board analogized the DNA claims from Regents to 
the antibodies in Noelle's apphcation. Accordingly, 
the Board held that Noelle's claims regarding the 
genus and human claims from the '480 apphcation 
lacked written description support in the specification 
of Noelle's earlier '799 apphcation because Noelle 
failed to describe any structural features of the human 
or genus antibodies or antigens. In other words, the 
Board found that the claims covering the genus and 
human antibodies constituted new matter because 
they lacked adequate written description in Noelle's 
earlier '799 application. The Board did not reject the 
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claims, but rather denied them the benefit of the 
earlier filing date of Noelle 799. 

*3 Next, the Board addressed the implication of 
finding a lack of written description for the genus and 
human claims in Noelle's '480 application. The Board 
determined that the claims to the human and genus 
forms of CD40CR antibody in Noelle's '480 
application were anticipated by either Lederman 771, 
which claims priority to U.S. Application 
07/792,728, filed November 15, 1991, or Armitage 
5,961,974 (the "'974 patent"), which claims priority 
to U.S. applications 07/783,707 and 07/805,723 filed 
October 25, 1991, and December 5, 1991, 
respectively. Noelle had not attempted to distinguish 
his human and genus claims firom the prior art and 
had conceded that Lederman 771 and Armitage '974 
would anticipate those claims if the '480 application 
were not afforded the earlier filing date of Noelle's 
'799 application. Thus, the Board found the genus 
and hxunan claims of Noelle's '480 application to be 
anticipated under 35 U.S.C. § 102(b) by the two 
forms of prior art and, as a result, rejected the claims 
to the human and genus forms of CD40CR antibodies 
and their respective cell lines pursuant to 37 C.F.R. § 
1,641 . 

On October 19, 2001, the Board ruled on the 
motions remaining from the previous hearing. The 
Board had determined in its previous hearing that the 
deferred motions were essentially requests to decide 
whether an interference- in-fact existed between the 
two parties' claims. Lederman then withdrew his 
pending motions and filed a new motion requesting 
that the Board find no interference-ta-fact. 

The Board concluded from the evidence submitted 
that there was no interference-in-fact. The Board 
reasoned that a person of ordinary skill in the art 
lacked a reasonable expectation of success of 
obtaining the other party's claimed invention given 
the state of the art at the time. The Board noted three 
different methods disclosed in Noelle's '480 
specification by which a person of ordinary skill in 
the art could have isolated the human form of the 
CD40CR antibody given the mouse version of the 
CD40CR antibody. Dr. Edward A. Clark, Noelle's 
expert, declared that a person skilled in the art would 
have had a reasonable expectation of success in 
isolating human CD40CR antibody by utilizing the 
methods disclosed in Noelle's specification. 

First, Clark testified that human CD40CR antibody 
could be isolated by immunizing a host with human 
CD40CR antigen expressing cells or cell lines and 
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selecting the antibody to the CD40CR antigen by 
functional or competition binding with CD40-Ig. 
[FN5] Next, Clark suggested methods of making and 
isolating antibodies using affinity purified human 
CD40CR antigen. Last, Dr. Clark declared that one 
skilled in the art could use the mouse CD40CR 
antibody or CD40-Ig to clone CD40CR antigen DNA 
using a method known as expression cloning. 

The Board found that one skilled in the art would not 
have had a reasonable expectation of success of 
isolating human CD40CR antibodies given the mouse 
form of CD40CR antigen. At the outset, the Board 
reasoned that any reference to Noelle's own 
specification as prior art was improper because the 
specifications underlying the respective claims 
cannot be considered "prior art" and an interference- 
in-fact analysis requires the comparison between the 
parties' claims, not their specifications. Fn re Vaeck, 
947 F.2d 488, 493 (Fed.Cir. 1991) . Nevertheless, the 
Board reftited the three methods disclosed in Noelle's 
specification and endorsed by Clark. First, the Board 
found that the immunization technique found in the 
prior art would be ineffective because, at the relevant 
time, one skilled in the art would not have had a 
reasonable expectation of success of identifying the 
activated T-cells that produced the required CD40CR 
antigen or of isolating the antigen itself. Second, the 
Board foxmd that it would have been "extremely 
difficult" for a person of ordinary skill in the art to 
isolate successfully CD40-Ig, which, as Noelle 
asserted, could then be used to obtain the claimed 
CD40CR antibodies. Third, the Board cited 
statements made during the prosecution of Armitage 
application 07/969,703 for the proposition that a 
skilled artisan could not have used expression cloning 
to isolate CD40CR antibody with a reasonable 
likelihood of success. 

*4 Thus, the Board determined that a person of 
ordinary skill in the art would not have been 
reasonably hkely to isolate hxunan CD40CR antibody 
given Noelle's claimed invention of mouse CD40CR 
antibody. As a result, the Board found no 
interference-in-fact between Noelle's remaining 
murine CD40CR antibody claim and Lederman's 
claim to the human form of CD40CR antibody. 
Noelle timely appealed to this court and we have 
jurisdiction under 28 U.S.C. § 1295(a¥4)fA) (2000) . 

DISCUSSION 

[1] Whether a specification complies with the 
written description requirement of 35 U.S.C. $ 1 12. 
paragraph (1), is a question of fact, Vas-Cath Inc. v. 
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Mahurkar, 935 F.2d 1555, 1562 rFed.Cir.l991V and 
is, in appeals from the Board, reviewed under the 
substantial evidence standard. In re Gartside, 203 
F.3d 1305. 1315 fFed.Cir.200QV To apply a 
substantial evidence standard, this court must 
"examin[e] the record as a whole, taking into account 
evidence that both justifies and detracts from an 
agency's decision." Id. at 1312. A reviewing court 
must ask "whether a reasonable fact finder could 
have arrived at the agency's decision." Id. "[T]he 
possibility of drawing two inconsistent conclusions 
from the evidence does not prevent an administrative 
agency's finding from being supported by substantial 
evidence." M 

A. Entitlement to Priority 

\2]\3] The written description requirement has been 
defined many times by this court, but perhaps most 
clearly in Vas-Cath. The court held as follows: 
35 U.S.C. S 112. first paragraph, requires a 
"written description of the invention" which is 
separate and distinct from the enablement 
requirement. The purpose of the "written 
description" requirement is broader than to merely 
explain how to "make and use"; the applicant must 
also convey with reasonable clarity to those skilled 
in the art that, as of the filing date sought, he or she 
was in possession of the invention. The invention 
is, for purposes of the "written description" inquiry, 
whatever is now claimed. 

Vas-Cath, 925 R2d at 1563-64 (emphasis in 
original). Thus, the test to determine if an application 
is to receive the benefit of an earher filed application 
is whether a person of ordinary skill in the art would 
recognize that the applicant possessed what is 
claimed in the later filed apphcation as of the filing 
date of the earlier filed application. An earher 
apphcation that describes later-claimed genetic 
material only by a statement of function or result may 
be insufficient to meet the written description 
requirement. See Resents, 119 F.3d at 1566 . This 
court has held that a description of DNA " 'requires a 
precise definition, such as by structure, formula, 
chemical name, or physical properties,' not a mere 
wish or plan for obtaining the claimed chemical 
invention." Id, (quoting Fiers v. Revel 984 F.2d 
1164. 1170 rFed.Cir. 1993^1 Therefore, this court has 
held that statements ia the specification describing 
the functional characteristics of a DNA molecule or 
methods of its isolation do not adequately describe a 
particular claimed DNA sequence. Instead "an 
adequate written description of DNA requires more 
than a mere statement that it is part of the invention 
and reference to a potential method for isolating it; 
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what is required is a description of the DNA itself." 
Id, at 1566-67 (quoting Fiers, 984 F.2d at IHIV It 
should be noted, however, that this court in Vas-Cath 
warned that each case involving the issue of written 
description, "must be decided on its own facts. Thus, 
the precedential value of cases in this area is 
extremely limited." Vas-Cath. 935 F.2d at 1562 
(quoting In re Driscoll, 562 F.2d 1245. 1250 
(CCEAJ977)). 

*5 Indeed, the court in Enzo Biochem v. Gen-Probe. 
Inc., 323 F.3d 956. 964 rFed.Cir.20Q2^ {^^Enzo 
Biochem II "), stated that "the written description 
requirement would be met for all of the claims [of the 
patent at issue] if the functional characteristic of [the 
claimed invention was] coupled with a disclosed 
correlation between that function and a structure that 
is sufficiently known or disclosed." Also, the court 
held that one might comply with the written 
description requirement by depositing the biological 
material with a pubUc depository such as the 
American Type Culttire Collection ("ATCC"). Id., at 
970. The coxirt proffered an example of an invention 
successfully described by its functional 
characteristics. The comi: stated: 
For example, the PTO would find compliance with 
112, paragraph 1, for a claim to an isolated 
antibody capable of binding to antigen X, 
notwithstanding the functional definition of the 
antibody, in Hght of the well defmed structural 
characteristics for the five classes of antibody, the 
functional characteristics of antibody binding, and 
the fact that the antibody technology is well 
developed and mature. 

Id. The court adopted the USPTO Guidelines as 
persuasive authority for tiie proposition that a claim 
directed to "any antibody which is capable of binding 
to antigen X" would have sufficient support in a 
written description that disclosed "fully characterized 
antigens." Synopsis of Application of Written 
Description. Guidelines, at 60, available at http:// 
www.uspto.gov/web/menu/written.pdf (last visited 
Jan. 16, 2003) (emphasis added). 

[4] Therefore, based on our past precedent, as long 
as an applicant has disclosed a ''fully characterized 
antigen," either by its structtire, formula, chemical 
name, or physical properties, or by depositing the 
protein in a pubhc depository, the applicant can then 
claim an antibody by its binding affinity to that 
described antigen. 

[5] Noelle did not provide sufficient support for the 
claims to the human CD40CR antibody in his '480 
application because Noelle failed to disclose the 
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structural elements of human CD40CR antibody or 
antigen in his earlier 799 application. Noelle argues 
that because antibodies are defined by their binding 
affinity to antigens, not their physical structure, he 
sufficiently described himian CD40CR antibody by 
stating that it binds to human CD40CR antigen. 
Noelle cites Enzo Biochem II for this proposition. 
This argument fails, however, because Noelle did not 
sufficiently describe the human CD40CR antigen at 
the time of the filing of the '799 patent application. In 
fact, Noelle only described the mouse antigen when 
he claimed the mouse, human, and genus forms of 
CD40CR antibodies by citing to the ATCC number 
of the hybridoma secreting the mouse CD40CR 
antibody. If Noelle had sufficiently described the 
himian form of CD40CR antigen, he could have 
claimed its antibody by simply stating its binding 
affmity for the "fiilly characterized" antigen. Noelle 
did not describe human CD40CR antigen. Therefore, 
Noelle attempted to define an unknown by its binding 
affmity to another unknown. As a result, Noelle's 
claims to human forms of CD40CR antibody found 
in his '480 application carmot gain the benefit of the 
earher filing date of his '799 patent application. 

*6 Moreover, Noelle cannot claim the genus form of 
CD40CR antibody by simply describing mouse 
CD40CR antigen. Noelle cites Staehelin v. Secher, 24 
U.S.P.0.2d 1513. 1519 (Bd. Pat.App. & Int. Sept. 28. 
1992), as support for his argument that he has rights 
to the genus form of CD40CR antibody. In Staehelin, 
Dr. Secher had developed a hybridoma that produced 
a monoclonal antibody targeted to an antigen 
unavailable in pure fomL Id. The antigen was human 
leukocyte interferon. Id, In Secher's foreign 
application, he had reported the isolation of a 
hybridoma-secreting antibody to human leukocyte 
interferon. Id, In his subsequent U.S. application, 
Secher claimed the genus form of the antibody. Id. at 
1520. The Board held, "Secher's disclosure ... would 
have reasonably conveyed to a person possessing 
ordinary skill in the art that Secher possessed the 
genus later claimed by them in their U.S. application 
in the sense of 35 U.S.C. 112, first paragraph." Id. 
The Board held it is not necessary to describe the 
exact details for preparing every species within the 
genus in order to claim the genus. Id. (citing Utter v. 
Hiram, 845 F.2d 993. 998 (Fed.Cir. 1988)) . Thus, 
Noelle argues, the disclosure in his previous 799 
application of the mouse form of CD40CR antibody 
was sufficient to support his later genus claims. 

Noelle's reliance on Staehelin is misplaced. First, it 
is a decision firom the Board of Patent Appeals and 
Interferences which may be persuasive but it is not 



binding precedent on this comt. Second, the Board in 
Staehelin cited Utter to support the proposition that a 
patentee need not cite every species of an antibody in 
order to claim the genus of that antibody. In Utter, 
this court held that not every species of scroll 
compressor used in air conditioners must be 
described in order for a genus claim to meet the 
written description requirement. 845 F.2d at 994 . 
Since the Board's decision in Staehelin, this court has 
subsequently held that a patentee of a 
biotechnological invention cannot necessarily claim a 
genus after only describing a limited number of 
species because there may be unpredictability in the 
results obtained from species other than those 
specifically enumerated. See Enzo Biochem II, 323 
F.3d at 965: Resents. 119F.3dat 1568 . Therefore, to 
the extent the Board's decision in Staehelin conflicts 
with our decisions in Enzo Biochem II and Regents, it 
has been limited in applicability. 

The Board was also correct in its determination that 
the human and genus claims were anticipated by 
Lederman '771 and Armitage '974. The Board's 
decision was supported by substantial evidence, and 
Noelle conceded that without the earlier filing date of 
his '799 application, his claims were indistinguishable 
fi-om the prior art cited by the Board. 

B. Interference-In-Fact 

[6] Interference proceedings are subjected to the 
requirements of 37 C.F.R. § § 1.601 - 1.690 (2003), 
promulgated pursuant to 35 U. S.C. S 135(d), Eli Lilly 
V. Bd of Resents of the Univ. of Wash.. 334 F.3d 
1264, 1267 (Fed.Cir.2003) . A patent interference is 
designed to "determine whether two patent 
applications (or a patent appHcation and an issued 
patent) are drawn to the same 'patentable invention' 
and, if so, which of the con:q)eting parties was first to 
invent the duplicative subject matter." Id. (citing 
Conservolite, Inc. v. Widmaver, 21 F.3d 1098, 1100- 
01 (Fed.Cir. 1994)) : see also 37 C.F.R ^ 1.601(i) . 
[FN 6] In order to determine whether the two parties 
claim the same patentable invention, the USPTO has 
promulgated a "two- way" test, which has been 
approved by this court. Eli Lilly, 334 F.3d at 1270 . 
The two-way test reads as follows: 

*7 Invention "A" is the same patentable invention 
as an invention "B" when invention "A" is the 
same as (35 U.S.C. 102) or is obvious ( 35 U.S.C. 
103) in view of invention "B" assuming invention 
"B" is prior art with respect to invention "A". 
Invention "A" is a separate patentable invention 
with respect to invention "B" when invention "A" 
is new ( 35 U.S.C. 102) and non-obvious ( 35 U.S.C. 
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103) in view of invention "B" assuming invention 
"B" is prior art with respect to invention "A". 
37 C.F.R. § 1.6QirnV In order for an interference- 
in-fact to exist, invention A must anticipate or make 
obvious invention B, and invention B must anticipate 
or make obvious invention A, thereby meeting both 
prongs of the "two-way" test. Eli Lilly. 334 F.3d at 
1268: accord Winter v. Funta, 53 U.S.P.0.2d 1234. 
1243 (Bd. Pat.App. & Int. Nov. 16, 1999) . The Board 
in the present case worded the two-way test in a 
different way as follows: 
Thus, for Lederman to succeed in its motion for no 
interference-in-fact, Lederman need only 
demonstrate that: (i) Lederman's claims are not 
anticipated or rendered obvious by Noelle's 
remaining "mouse" claims; or (ii) Noelle's 
remaining "mouse" claims are not anticipated or 
rendered obvious by Lederman's claims. 
(Emphasis in original). 

[7] Noelle's argument that the Board improperly 
required a two-way patentability test, or, as the Board 
phrased it, a "one-way distinctiveness" test, is 
without merit in light of this court's recent ruling in 
Eli Lilly upholding the Director's two-way test as 
consistent with the language of the regulation. 334 
F.3d at 1268 . Therefore, the Board applied the proper 
"two- way test." First, it determined tiiat "one skilled 
in the art lacked a reasonable expectation of success 
of obtaining Lederman's claimed 'human' subject 
matter when provided with Noelle's 'mouse' subject 
matter and using the screening techniques cited by 
Noelle." Although the Board did not have to conduct 
the second prong of the test to find no interference- 
in-fact, it did so anyway by fmding that "one skilled 
in the art would have lacked a reasonable expectation 
of success of obtaining Noelle's 'mouse' subject 
matter when provided with Lederman's claimed 
'human' subject matter and using the same screening 
methods." Therefore, the Board utilized the correct 
test to find no interference-in-fact. 

Noelle's argument that the Board erred in its 
apphcation of the obviousness question in the 
interference-in-fact analysis by ignoring the 
specification in Noelle's '480 application is also 
without merit. Both Lederman and Noelle concede 
that the anticipation portion of the interference-in- 
fact analysis is not an issue in tight of the agreed 
variance between claims to mouse versus hxunan 
forms of CD40CR antibodies. Thus, only the 
obviousness analysis pursuant to 35 U.S.C. S 103 is 
left to be determined. Obviousness is determined as 
follows: 

a proper analysis under § 103 requires, inter alia, 
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consideration of two factors: (1) whether the prior 
art would have suggested to those of ordinary skill 
in the art that they should make the claimed 
composition or device, or carry out the claimed 
process; and (2) whether the prior art would' also 
have revealed that in so making or carrying out, 
those of ordinary skill would have a reasonable 
expectation of success. 

*8 In re Vaeck 947 F.2d at 493 . Both the suggestion 
and the reasonable expectation of success "must be 
founded in the prior art, not in the applicant's 
disclosure." Id.; see also In re Dow Chein. Co.. 837 
F.2d 469. 473 TFed.Cir. 1988V 

The parties agree that a skilled artisan would have 
been motivated to obtain the hxunan CD40CR 
antibody if the mouse CD40CR antibody were 
available. The two parties disagree, however, as to 
whether the prior art would provide a reasonable 
likelihood of success in so doing. Therefore, the issue 
before us is whether substantial evidence supports the 
Board's determination that one of ordinary sldll in the 
art would not have had a reasonable expectation of 
success of isolating the other party's invention given 
the disclosures found in the claims. A reasonable 
likelihood of success does not necessarily medh an 
absolute predictability, but rather a reasonable 
expectation of success, Yamanouchi Pharm. v. 
Danbiirv Pharmacal Inc., 231 F.3d 1339. 1343 
fFed.Cir.20Q0) . 

Noelle argues that the methods disclosed in his '799 
patent application would have provided a reasonable 
likelihood of success for a person of ordinary skill in 
die art to isolate human CD40CR antibodies using 
mouse CD40CR antibodies. Specifically, Noelle 
argues it would have been obvious to a skilled artisan 
to use die CD40-Ig fusion protein disclosed in the 
'799 apphcation as a screen to locate, within a 
hybridomal library, monoclonal antibodies that 
specifically bind to human CD40CR antigen. Noelle 
further argues the Board improperly ignored this 
method of antibody isolation merely because it was 
disclosed in Noelle's written description as opposed 
to Noelle's claims. 

£81 The Board correctly found no interference-in-fact 
between Noelle's claims and Lederman's claims. 
First, the Board was correct in not considering 
Noelle's methods of isolation of human CD40CR 
antigen using CD40-Ig found in his '799 specification 
because the methods were neither part of the parties' 
inventions nor "prior art ." USPTO rules establish 
that an interference-in-fact exists when both parties 
claim the "same patentable invention." 37 C.F.R. 
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1.601(n\ A patentee's invention is only found in a 
patentee's claims, unless the patentee uses sufficient 
means-plus-function language to invoke 35 U.S.C. § 
112, paragraph (6) . Thus, if the Board is to compare 
two inventions, the Board must only compare the 
parties' claims. Noelle does not claim a method of 
isolating CD40CR antigens, CD40-Ig, or the receptor 
CD40 itself. Obviously, if certain terms in Noelle's or 
Lederman's claims were ambiguous, we could resort 
to the specification or other sources to define those 
terms; however, it is unnecessary here as none of the 
terms in the claims are ambiguous. Therefore, Noelle 
cannot rely on a method of isolating human CD40CR 
antigen using CD40-Ig in order to prove obviousness 
between his invention and Lederman's invention 
because the method is not claimed. 

*9 Second, the Board's determination was supported 
by substantial evidence because a person of ordinary 
skill in the art, given the state of prior art at the time 
of the '799 filing, would not have had a reasonable 
likelihood of success in isolating human CD40CR 
antibodies firom the mouse CD40CR antigen and its 
antibody. Noelle argues that one skilled in the art 
would have had a reasonable likelihood of success in 
manufacturing a set of hybridomas that secrete 
monoclonal antibodies to activated hxmian helper T- 
cell surface antigens. Noelle, as outlined previously, 
cited three different screening methods disclosed in 
his specification that would isolate the desired 
hybridomas and their antibodies. The first two of 
Noelle's proposed screening methods require the use 
of CD40-Ig. As the expert testimony of Dr. Aruffo, 
the named inventor in the patent claiming CD40-Ig, 
indicated to the Board, it would have been 
unpredictable and unreasonable to expect a skilled 
artisan to produce CD40-Ig given the state of the art 
at the time. 

Finally, Noelle's expert witness, Dr. Clark, addressed 
the third and final proposed screening method. Dr. 
Clark declared that, given the mouse form of 
CD40CR antibody or CD40-Ig and the utilization of 
expression cloning methods available at the time, a 
person of ordinary skill in the art would have had a 
reasonable expectation of success in isolating the 
human form of CD40CR antigen. Armitage, 
however, during the prosecution of his '703 
application, stated that the use of expression cloning 
could not have reasonably led to successful isolation 
of human CD40CR antigen. 

After examining the record as a whole, we conclude 
there was substantial evidence to support the Board's 
decision. The Board's decision was reasonable in that, 



given the state of the art in the early 1990s as 
described by the expert witnesses, a person of 
ordinary skill in the art would not have had a 
reasonable likelihood of success in isolating human 
CD40CR antigen given mouse CD40CR antigen. 

CONCLUSION 

For the foregoing reasons, the decision of the Board 
rejecting claims 51, 52, 53, 56, 59, and 60 of Noelle's 
U.S. Apphcation No. 08/742,480 is affirmed. The 
decision of the Board -granting Lederman's 
preliminary motion of no interference-in-fact is also 
affirmed. 

AFFIRMED 

No costs. 



FNl. For additional background on the 
function of antibodies, as well as methods of 
isolating antibodies, see In re Wands, 858 
F.2d 73L 733- 34 (Fed.Cir. 1988) and 
Hvbritech Inc. v. Monoclonal Antibodies, 
Inc., 802 F.2d 1367, 1368-69 
(Fed.Cir. 1986) . 



FN2. Cell differentiation is the process of 
modifying a cell's structure and fiinction in 
order for it to become more specialized and 
specific to the invading antigen. 

FN3. CD40CR antigen is also referred to as 
"CD40 counter receptor," "CD40 ligand," 
"CD40L," and sinq)ly "CD40CR." 
Lederman uses the term "5c8 antigen" or 'T- 
B cell-activating molecule" ("T-BAM") to 
designate the 30- kilodalton human form of 
CD40CR antigen. Noelle uses the term 
"gp39" (glycoprotein 39 kD) to describe the 
39-kilodalton mouse form of CD40CR 
antigen. 

FN4. A hybridoma is a man-made tissue 
culture consisting of cancerous B-cells fused 
to B-cells producing the antibody of choice. 
A hybridoma produces unlimited amounts of 
a desired "monoclonal" antibody. See 
Hvbritech. 802 F.2d at 1368-69 (explaining 
the method for creating and using 
hybridomas). 
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FN5. CD40-Ig is a fusion protein wherein a 
portion of the CD40 receptor is fused to an 
immunoglobuhn (Ig). CD40-Ig is therefore 
not expressed on the surface of a B-cell but 
rather is essentially a soluble, free-floating 
molecule. . 



FN6, 37C.F.R. ^ L6OK1) reads as follows: 
An interference-in-fact exists when at least 
one claim of a party that is designated to 
correspond to a coimt and at least one claim 
of an opponent that is designated to 
correspond to the count define the same 
patentable invention. 

2004 WL 77931, 2004 WL 77931 (Fed.Cir.) 

END OF DOCUMENT 
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United States Court of Customs and Patent Appeals. 

Application of Alfred MARZOCCHI and Richard C. 
Horton. 

Patent Appeal No. 8431. 

April 15, 1971. 

Appeal from decision of the patent office board of 
appeals which affirmed final rejection of claims 5, 6, 
11 and 12 of application, serial No. 470,618, 
involving technique for improving adhesion 
characteristics between glass fibers and vinyl 
polymer resins. The Court of Customs and Patent 
Appeals, Baldwin, J., held that claims 5 and 11, 
teaching use of monomeric vinyl pyrrolidone, were 
obvious in hght of reference teaching use of 
polymeric vinyl pyrrolidone, but that claims 6 and 
12, reciting use of polyethyleneamine, were 
supported by disclosure which was in compliance 
with requirements of specification statute despite the 
breadth of the claim, where record contained 
insufficient grounds for questioning the accuracy of 
teaching that any polyethyleneamine would function 
to accomplish the asserted result. 

Affirmed in part and reversed in part. 

West Headnotes 

HI Patents €==^16.4 

291kl6.4Most Cited Cases 
(Fomerly 291kl8) 

In connection with patent apphcation involving 
technique for improving adhesion characteristics 
between glass fibers and vinyl polymer resins, claims 
5 and 11, teaching use of monomeric vinyl 
pyrrolidone were obvious in light of reference 
teaching use of polymeric vinyl pyrrolidone. 35 
U.S.C.A. S 103 . 

121 Patents €==>16(3) 

291kl6n) Most Cited Cases 
(Formerly 291kl8) 

Inference of fact that, to one possessing the ordinary 
level of skill in the art, it would be obvious to try 
particular conqDosition may at times be enough to 
justify drawing the ultimate conclusion of law that 



the claimed subject matter as a whole would have 
been obvious. 35U.S.C.A. $ 103 . 

121 Patents €=>101(4) 

291kl01(4) Most Cited Cases 

Claims 6 and 12 of patent application relating to 
technique for improving adhesion characteristics 
between glass fibers and vinyl polymer resins, which 
recited use of "polyethyleneamine" were supported 
by disclosure which was in compliance with 
specification statute despite contention as to 
excessive breadth of the disputed term, where record 
contained insufficient grounds for questioning 
accuracy of teaching that any polyethyleneamine 
would function to accomplish the asserted result. 35 
U.S.C.A. $ 112 . 

141 Patents C=^ioi(4) 

291klQU4;) Most Cited Cases 

Where generic term is recited in patent application, 
the only relevant concern of the patent office under 
specification statute should be the tmth of the 
assertion that any member of the class will 
acconq^lish the desired result, not the breadth of the 
term. 35 U.S.C.A. S 112 . 

151 Patents €^101(4) 

291kl0ir4) Most Cited Cases 

Specification disclosure which contains teaching of 
the manner and process of making and using the 
invention in terms which correspond in scope to 
those used in describing and defining the subject 
matter sought to be patented must be taken as in 
comphance with the enabling requirement of the 
specification statute imless there is reason to doubt 
the objective truth of statements contained in the 
specification which must be relied on for enabling 
support. 35U.S.C.A. S 112 . 

161 Patents 0==>ii3(7) 

291kl 13r7) Most Cited Cases 

Unpredictability of chemical reactions alone may be 
enough to create reasonable doubt as to accuracy of 
particular broad statement put forward as enabling 
support for claim, especially where the statement is, 
on its face, contrary to generally accepted scientific 
principles, but it is incumbent upon the patent office, 
when rejection is made on this basis, to explain why 
it doubts the truth or accuracy of the statement. 35 
U.S.C.A. § 112 . 
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121 Patents €==>ioi(4) 

291kl01(4^ Most Cited Cases 

In considering accuracy of specification, pertinent 
references are not necessarily prior art references. 35 
U.S.C.A. § 112 . 

Patents €^328(2) 

291k328(2) Most Cited Cases 

2,853,465. Cited as reference. 
**221 *1069 Herman Hersh, McDougall, Hersh, 
Scott & Ladd, Chicago, III., attorney of record, for 
appellant. Staelin & Overman, Toledo, Ohio, George 
A. Degnan, Arlington, Va., of counsel. 

S. Wm Cochran, Washington, D.C., for the 
Commissioner of Patents. Fred W. Sherling, 
Washington, D.C., of counsel. 

*1070 Before RICH, ALMOND, BALDWIN and 
LANE, Judges, and DURFEE, Judge, United States 
Court of Claims, sitting by designation. 



BALDWIN, Judge. 

This is an appeal from the decision of the Patent 
Office Board of Appeals which affirmed the final 
rejection of claims 5 and 11 of appellants' application 
[FNl] under 35 U.S.C. S 103 as unpatentable in view 
of Werner [FN2] and of claims 6 and 1 2 under 35 
U.S.C. $ 112 as being based on an inadequate 
disclosure. Claims 4 and 10 stand allowed. 



FNl. Serial No. 470,618, filed July 8, 1965, 
for Tiber Coatings- Nitrogen Compounds 
for Improving Adhesion of Vinyl Polymers 
to Glass' as a continuation-in-part of Serial 
No. 96,106, filed March 16, 1961. 



FN2. U.S. Patent No. 2,853,465, issued 
September 23, 1958. 



THE ESrVENTION 

The subject matter of the claims on appeal involves a 
technique for improving the adhesion characteristics 
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between glass fibers and vinyl polymer resins. Claim 
5 is representative and reads as follows: 

5. In the combination of glass fibers and a vinyl 
polymer resin composition present as a coating on the 
glass fiber surfaces, the improvement which 
comprises mixing the vinyl polymer resin, prior to 
coatiQg of the glass fibers, with an amine compound 
in an amoimt corresponding to 2-10% By weight of 
the vinyl polymer resin, and in which the amine 
compound is monomeric vinyl pyrrolidone. 

Claim 1 1 is drawn to the same concept as claim 5, 
but defmes the invention as 'a method of produciag 
glass fibers coated with polyvinyl resin strongly 
bonded to the glass fiber surfaces.* Claims 6 and 12 
differ from claims 5 and 1 1 respectively solely in the 
recitation of 'polyethyleneamine' as the critical 'amine 
compoimd' additive. . 

THE SECTION 103 REJECTION 

Claims 5 and 11 were rejected 'as obvious in the 
sense of 35 USC 103 over Werner.* Wemer, the sole 
reference relied upon here, is addressed to the 
inq)rovement in the bonding relationship between 
glass and polyvinyl halide resins. The pertinent 
disclosure is as follows: 

I have found that polyvinyl hahde resins may be 
successfiiUy modified so as to obtain excellent glass 
adhesion by employing a mixture of a polyvinyl 
hahde and a polymer of N-vinyl pyrrohdone. By 
employing a mixture containing from 80 to 97% Of a 
polyvinyl halide and from 20 to 3% Of a polymer of 
N-vinyl pyrrolidone, which term includes 
homopolymers of vinyl pyrrolidone and copolymers 
with other polymerizable monomers, a con^osition is 
obtained having extremely high adhesion to all glass 
surfaces. 

*1071 On the basis of this teaching the examiner 
took the position, accepted by the **222 board, that 
the claimed use of monomeric vinyl pyrrohdone 
rather than Werner's polymeric vinyl pyrrohdone 
would be obvious to one of ordinary skill in the art 
since Werner's teaching would indicate to 'one skilled 
in the art * * * that it is the vinyl pyrrohdone moiety 
that is enhancing the adhesion.' It was also suggested 
by the examiner that since the claims recite no 
temperature conditions for the coating operation and 
since monomers polymerize when heated, the claims 
could possibly cover circimistances wherein the 
monomer is polymerized during application. The 
board appears to have accepted this suggestion and to 
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have extended it even further. It stated: 

All of Werner's exan^les specify heating at elevated 
temperatures (110 degrees C.-130 degrees C, 165 
degrees C, 325 degrees F., 350 degrees F) with and 
without elevated pressures. Appellants' specification 
says nothing about retaining the vinyl pyrrolidone in 
monomeric form, much less anything about 
'maximizing adhesion' by preventing polymerization. 
Indeed, the very designation of the vinyl pyrrolidone 
as a 'monomeric' material introduced into a polymer 
system for the purpose of altering the properties of 
such system implies subsequent polymerization of 
the monomer. Appellants' fUrther argument that the 
monomer has entirely different capabilities and 
solubilities than the polymer is also unpersuasive. 

Appellants' position on appeal in response to these 
assertions by the examiner and board is largely to 
stress again the 'marked difference between the 
properties and characteristics of a polymer as 
compared to a monomer,' and to object to the 'purely 
conjectural' assertion that the monomer polymerizes 
in the coating after it is applied. Additionally, 
appellants make the following contention: 

Even if it were assumed that appellants' monomeric 
vinyl pyrrolidone is polymerized when present in the 
polyvinyl chloride coating, there is no teaching or 
suggestion in Wemer that the use of monomeric vinyl 
pyrrolidone has any efficacy whatsoever in 
compositions of the type disclosed and claimed. The 
basis suggested by the Patent Office for the rejection 
is tantamount to the allegation it would be 'obvious to 
try' the monomer. This 'test' of obviousness has been 
frequently repudiated by this court. 

[1] The sole issue is, of course, whether the Wemer 
teaching does suggest to a person having ordinary 
skill in this art that the use of monomeric vinyl 
pyrrolidone would have the efficacy indicated in the 
appealed claims. We agree with appellants that 
whether the monomer polymerizes is irrelevant, at 
least in this regard. What is relevant, however, and 
here determinative, is the examiner's assertion that 
the Wemer teaching would suggest that it is the vinyl 
pyrroHdone moiety alone and not some other 
characteristic peculiar to a polymer which is 
efficacious in producing the desired adhesion 
enhancement. *1072 \ FN3] In the absence of 
anything to rebut this assertion, which is reasonable 
on its face, we are constrained to accept it as fact. 
The inferences which follow from such fact, i.e., that 
the monomer would possess this same characteristic 
and that one of ordinary skill would recognize such 
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fact, are inescapable. 

FN3. Indeed, the reasonableness of such an 
assertion is confirmed by the very disclosure 
contained in appellants' application which 
indicates that efficacious adhesion enhancers 
are those 'organic nitrogenous compounds 
which are characterized both by an organic 
constitution which is con:q)atible with the 
vinyl polymers and by a polarity expressed 
in the nitrogen function.' As also pointed 
out by appellants in their brief (about which 
more will be said later), the nature of the 
present invention resides in the use of amine 
compounds, broadly, as adhesion enhancers. 

[2] It is acknowledged that the above line of 
reasoning may be viewed as being tantamount to 
drawing the inference that, to one possessing the 
ordinary level of skill in this art, it would be 'obvious 
**223 to try' the monomer. Nevertheless, such an 
inference of fact may, at times, be enough to justify 
drawing the ultimate conclusion of law that the 
claimed subject matter as a whole would have been 
obvious under section 103 . We are satisfied that the 
circumstances of this case justify an initial conclusion 
of obviousness. Since the record before us contains 
nothing to rebut that conclusion, the decision with 
regard to claims 5 and 1 1 must be affirmed. 

THE SECTION 112 REJECTION 

Claims 6 and 12, which recite the use of 
'polyethyleneamine' as the adhesion enhancer, were 
criticized by the examiner as being based on a 
disclosure which was not enabling under the first 
paragraph of 35 U.S.C. $ 112 . The board affnmed 
his rejection of those clainfis with the following 
comment. 

The term is obviously generic to a considerable 
number of compounds varying in the number of 
ethylene groups, the number of amine groups and the 
relationship of the polyethylene groups to the amine 
groups, and accordingly does not provide a 
reasonable guide for those seeking to improve the 
adherence of vinyl resins to glass. 

[31 We will reverse the board's decision on this 
rejection since we are unable to find sufficient 
justification for the holding that appellants' disclosure 
is not enabling. 
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[4] Turning specifically to the objections noted by 
the board as indicated above, it appears that these 
comments indicate nothing more than a concern over 
the breadth of the disputed term. If we are correct, 
then the relevance of this concern escapes us. It has 
never been contended that appellants, when they 
included the disputed term in their specification, 
intended only to indicate a single compound. 
Accepting, therefore, that the term is a generic one, 
its recitation must be taken as an assertion by 
appellants that all of the 'considerable *1073 number 
of compounds' which are included within the generic 
term would, as a class, be operative to produce the 
asserted enhancement of adhesion characteristics. 
The only relevant concern of the Patent Office imder 
these circumstances should be over the truth of any 
such assertion. The first paragraph of § 1 12 requires 
nothing more than objective enablement. How such a 
teaching is set forth, either by the use of illustrative 
examples or by broad terminology, is of no 
importance. 

[5] As a matter of Patent Office practice, then, a 
specification disclosure which contains a teaching of 
the manner and process of making and using the 
invention in terms which correspond in scope to 
those used in describing and defining the subject 
matter sought to be patented must be taken as in 
compliance with the enabling requirement of the first 
paragraph of § 1 12 unless there is reason to doubt 
the objective truth of the statements contained therein 
which must be rehed on for enabling support. 
Assuming that sufficient reason for such doubt does 
exist, a rejection for failxire to teach how to make 
and/or use will be proper on that basis; such a 
rejection can be overcome by suitable proofs 
indicating that the teaching contained in the 
specification is truly enabling. 

[6 ] [ 7 ] In the field of chemistry generally, there may 
be times when the wellknown unpredictability of 
chemical reactions will alone be enough to create a 
reasonable doubt as to the accxiracy of a particular 
broad statement put forward as enabling support for a 
clainx This will especially be the case where the 
statement is, on its face, contrary to generally 
accepted scientific principles. Most often, additional 
factors, such as the teachings in pertinent references, 
[FN4] will be available to substantiate any doubts 
that the asserted scope of objective enablement **224 
is in fact commensurate with the scope of protection 
sought and to support any demands based thereon for 
proof. In any event, it is incumbent upon the Patent 
Office, whenever a rejection on this basis is made, to 
explain why it doubts the truth or accuracy of any 



statement in a supporting disclosure and to back up 
assertions of its own with acceptable evidence or 
reasoning which is inconsistent with the contested 
statement. Otherwise, there would be no need for the 
applicant to go to the trouble and expense of 
supporting his presumptively accurate disclosure. Cf. 
In re Gazave, 379 F;2d 973, 54 CGPA 1524 (19671: 
In re Chilow-skv, 229 F.2d 457. 43 CCPA 775 (1956) . 

FN4. Not necessarily prior art references, it 
should be noted, since the question would be 
regarding the accuracy of a statement in the 
specification, not whether that statement had 
been made before. 



In the present case, the circumstances we see do not 
support the reasonableness of any doubts which the 
Patent Office might have had *1074 concerning the 
adequacy of appellants' specification disclosure to 
support these claims. In fact, those circumstances 
tend to strengthen rather than weaken appellants' 
claim to the breadth of protection they seek. In the 
first place, it has not been asserted by the Patent 
Office that the chemical properties of known 
polyethyleneamines vary to such an extent that it 
would not be expected by one of ordinary skill in this 
art that any such compound would possess the 
necessary capabihty of enhancing adhesion. 
Additionally, we note that polyethyleneamine is 
listed in appellants' specification as being only one of 
a much larger class of amine compoimds possessing 
this necessary characteristic. Finally, we recognize 
(as did the examiner) the generic nature of appellants' 
broader concept, i.e., that the desired property of 
adhesion enhancement stems largely fi*om the amine 
moiety. It does appear that variation of certain of the 
secondary factors mentioned by the examiner, such 
as molecular weight or proportion of ethylene groups, 
might influence to some degree or even mask the 
essential 'amine' property of the polyethyleneamine 
or its obviously equally essential con^atibility with 
vinyl polymers. However, we see no basis to 
conclude that the ready avoidance of this result 
would not be within the level of ordinary skill in this 
art. Compare In re Skrivan, 427 F.2d 801. 57 CCPA 
1201 (1970) . 

Taking all these circumstances into consideration, 
we are constrained to conclude that the record before 
us contains insufficient grounds for questioning the 
accuracy of appellants' teaching that any 
polyethyleneamine (obviously excepting those whose 
essential *amine' characteristics and compatibility 
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with vinyl polymers would be masked by the 
secondary factors mentioned) will function to 
accomplish the asserted result. It follows that claims 
6 and 12 must be held to be supported by a disclosure 
which is in compliance with tiie requirements of the 

first paragraph of 35 U.S.C. S 112 . , C 

SUMMARY ; 

The decision of the board regarding claims 5 and 1 1 
is affirmed; that dealing with claims 6 and 12 is 
reversed. 

*1069 Modified. 

439F.2d220, 58 C.C.P.A. 1069, 169 U.S.P.Q. 367 
END OF DOCUMENT 
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